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Abstract
This thesis makes a contribution to the understanding of designerly ways of 
solving problems by exploring the central question of how different prototyping 
materials affect collaborative design processes, especially with regard to the co- 
construction of knowledge and the social dynamics manifested in verbal and 
non-verbal behaviour. The thesis also contributes to the existing knowledge by 
offering a new method to analyse the role of prototypes in collaborative design 
activities: Proxemic Motion Trace Analysis.
Understanding the relationship between prototypes and design processes is 
important in the light of an increasing interest in using design-based approaches 
to develop innovations, and thus to better understand the design process itself. 
However, what role prototypes and prototyping materials play in collaborative 
design processes, particularly in verbal and non-verbal interactions, remains an 
under-researched area.
The thesis comprises two main studies: a series of unstructured field observations, 
conducted at four design studios, and an academic institution, and a series of 23 
controlled experiments consisting of 99 individual design tasks conducted with 
design students at Central Saint Martins College of Arts and Design.
The key findings demonstrate that: (1) different prototyping materials affect 
qualitative aspects of verbal and non-verbal behaviour in collaborative design 
activities in distinguishable ways; (2) specific materials allow for a more connected 
co-construction of knowledge; and (3) the research undertaken has produced 
a new and design-specific method of analysing collaborative design processes, 
especially the verbal and non-verbal behaviour of designers.
It is suggested that these findings have implications for design practice and design 
education, as well as other professions using designerly ways of solving problems. 
In addition, the newly developed visual method of analysing design collaboration 
provides potential for future design research by providing a method that addresses 
the full complexity of interaction in design collaboration.
Declaration
This is to certify that:
the thesis comprises only my original work towards the PhD except where indicated, 
due acknowledgment has been made in the text to all other material used, and the 
thesis is less than 100,000 words in length, inclusive of all footnotes, bibliographies 
and appendices
Andreas Peter 
May 2015
Publications & Conference 
Proceedings
Two peer-reviewed conference publications have been written in the course of this 
PhD and are incorporated in this thesis:
Peter, A., Schadewitz, N., and Lloyd, P. (2011). Talk Around Things: Prototyping and 
Discussion in the Design Process. Proceedings of the International Association of 
Societies in Design Research Conference (IASDR 2011), TU Delft, The Netherlands.
Peter, A., Lotz, N., McDonnell, J., and Lloyd, P. (2013). The Effect of Prototyping 
Material on Verbal and Non-verbal Behaviours in Collaborative Design Tasks. 
Proceedings of the International Association of Societies in Design Research 
Conference (IASDR 2013), Shibaura Institute of Technology, Tokyo, Japan.
Acknowledgments
Writing this thesis has been a rewarding, adventurous, and, at times, lonesome 
endeavour. I would not have been able to complete it without the support and 
inspiration of the many people involved. I am deeply grateful to each and every 
one of them:
To Peter Lloyd and Nicole Lotz for being the best supervisors a PhD student 
could wish for. They not only made this thesis possible, but also provided their 
thoughts, guidance and inspiration freely whenever need was dire. It has certainly 
been a most serendipitous chance and privilege being the student not only of two 
academically accomplished researchers, but also of two very decent and inspiring 
personalities. I also thank Chris Earl for stepping in as supervisor towards the very 
end of this thesis, when Peter Lloyd left the roundabouts of Milton Keynes for the 
beautiful shores of Brighton.
To Janet McDonnell, not only for giving me the opportunity to conduct the main 
part of this research at Central Saint Martins College of Arts and Design in London, 
but also for granting me the privilege of working together with her. It has been a 
truly inspiring and rewarding time, which I will always cherish. I would also like 
to thank Tricia Austen, Matt Malpass and Aman Sagoo for supporting my studies 
at Central Saint Martins by opening the doors to their classrooms, promoting 
my research amongst their students, and generally helping me out in every way 
possible.
To the Design Research Society for supporting this thesis with a DRS Student 
Research Bursary.
To Beat Karrer at Studio Beat Karrer, to Valeria Bonin and Diego Bontognali at 
Bonbon, to the designers at R.O.S.A., to the Tromp Research Group at Princeton 
University, to the consultants at Stimmt AG, to Hans Schreiber at Forster Rohner
AG, to the people at the Institut fur Innovation, Design und Engineering at the 
University of Applied Sciences of St.Gallen, as well as to all participants of the pilot 
and main studies. For obvious reasons, this research would not have been possible 
without you.
To my parents Edith and Bernhard, who have instilled a deep desire in me to learn 
about the world, the will to never give up and the attitude to always keep a good 
sense of humor while trotting along. I owe you more than I could possibly recount 
here. I hope you know.
To my brother Christoph and his late wife Susanne, for showing me what real 
courage and devotion look like. You taught me that even facing life's worst 
adversities and inevitabilities -  if you have true grit -  you can face them  with a 
laugh and take one more step. I will always be grateful having been privileged to 
spend so much of your precious time with you.
And finally, to my dear wife, Esther, for offering me support, love, advice, inspiration 
and laughter -  and, last but not least, for enduring me all these years. Thank you for 
always standing by my side -  or one step ahead of me. Life is just more fun with 
you!
Here's to all of you!
Table of Contents
Page
Tables x
Figures xi
1 Preface 1
1.1 Setting the scene 1
1.2 Artefacts and collaboration 2
1.3 Research questions 4
1.4 Structure of the thesis 5
2 Literature review 9
2.1 Designing as prototyping activity 9
2.1.1 Why prototypes m atter 9
2.1.2 Prototypes as boundary objects negotiating between fields of expertise 10
2.1.3 Typologies of prototypes 13
2.1.4 Effects of prototypes 15
2.2 Artefacts and conversations 20
2.2.1 The conversational nature of design 20
2.2.2 Aspects of design conversations 21
2.2.3 Non-verbal com m unication in design conversations 25
2.2.4 Artefacts in design conversations 32
2.2.5 Qualities of artefact-facilitated conversations 34
2.3 Summary 36
3 Methods and methodologies of investigating design processes 39
3.1 Methodology 39
3.1.1 Researching design 39
3.1.2 Design as a social and an engineering science 40
3.1.3 From observed practice to observable practices 41
vi A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Page
3.2 Methods 41
3.2.1 Current design research m ethods 42
3.3 Summary 52
4 Studies of practice and pilot studies 55
4.1 Studies of practice 55
4.1.1 Exploring expert opinions 55
4.1.2 Observing designing 55
4.1.3 Analysing artefacts 66
4.1.4 Prototyping in the design process 67
4.1.5 Discussion in the design process 74
4.1.6 Conclusions 80
4.2 Pilot studies 82
4.2.1 Testing the set-up 82
4.2.2 A first analysis " 86
4.2.3 Towards a more visual analysis 89
4.3 Summary 95
5 The Proxemic Motion Trace Analysis PMTA 99
5.1 A new methodology 99
5.1.1 Tracing proxemic m otion 99
5.1.2 The elements of PMTA 100
5.1.3 Set-up of experiments 102
5.1.4 Measuring design activity 108
5.1.5 Main study m ethod 113
5.2 Summary 119
T a b l e  o f  C o n t e n t s vii
Page
6 Analysing prototyping and interaction using PMTA 123
6.1 A controlled investigation into prototyping and discussion 124
6.1.1 The effects of prototyping on verbal and non-verbal behaviour 124
6.2 Skill-building task analysis 126
6.2.1 Intensity of m ovem ent 126
6.2.2 Emergence of concepts 132
6.3 Main design task analysis 140
6.3.1 Experiment 1: symmetric collaboration 144
6.3.2 Experiment 4: connected individual collaboration 157
6.3.3 Experiment 5: a thorough investigation 170
6.3.4 Experiment 12: a case of increasing separateness 182
6.3.5 Experiment 16: separated collaboration 195
6.3.6 Experiment 19: switching from separated to connected designing 208
6.3.7 Experiment 22: connected designing 217
7 Interpretation and discussion 231
7.1 Interpretation and of the skill-building tasks
and main design tasks 231
7.1.1 Materials and social dynamics in collaboration 231
7.1.2 Materials and knowledge construction in collaboration 234
7.2 General discussion 236
7.2.1 Prototyping media and social dynamics 236
7.2.2 Co-construction of knowledge and prototyping media 239
viii A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Page
8 Conclusions, limitations and implications 243
8.1 Conclusions 243
8.2 Claim to new knowledge 248
8.2.1 PMTA methodology 248
8.2.2 Prototyping m edia and design collaboration 249
8.2.3 Main conclusions 250
8.3 Scope and limitations of the research 251
8.4 Implications 257
8.5 Future research 261
8.6 Summary & closing note 264
References 267
Appendices 285
Appendix A: ethical approval 285
Appendix B: questionnaire 286
Appendix C: project inform ation sheet 287
Appendix D: design brief 288
Appendix E: visual archive of artefacts produced in experiments 289
Appendix F: field observations Studio Beat Karrer 313
Appendix G: field observations Bonbon Graphic Design Studio 326
Appendix H: field observations Stimmt AG 333
Appendix I: field observations Tromp Research Group, Princeton University 342
Appendix J: interview analysis Hans Schreiber, Forster Rohner AG 349
T a b l e  o f  C o n t e n t s ix
Tables
Table 1: 
Table 2: 
Table 3:
Table 4: 
Table 5:
Table 6: 
Table 7: 
Table 8: 
Table 9: 
Table 10: 
Table 11:
Table 12:
Different forms of discussion observed (Peter, Schadewitz b Lloyd, 2011).
A first attempt of making sense of the data retrieved.
Test analysis of four different video segm ents using sketching, cardboard, clay and 
Lego as prototyping media.
Rules for recording m otion traces for the PMTA.
Variables proposed to m easure characteristics of collaborative activity according to 
Dillenbourg (1999).
A simple coding schem e to deduct the coefficients of the individual dimensions.
Ranges of individual ratios and their assigned coefficients.
Design moves contributed by each participant and coefficients their ratios relate to. 
Sample calculation of connectedness for individual fractions of the design process. 
Schedule of the individual experiments.
Experiments conducted in chronological order and materials provided. The experiments 
chosen for in-depth analyses are highlighted in grey.
Overview of the selected experiments' key characteristics.
x A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Figures
Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:
Figure 10:
Figure 11: 
Figure 12: 
Figure 13: 
Figure 14:
Figure 15 
Figure 16 
Figure 17 
Figure 18 
Figure 19 
Figure 20 
Figure 21 
Figure 22 
Figure 23 
Figure 24
Goldschmidt's (1996) linkograph, visually representing the linkage between 
individual 'design moves'.
Radcliffe (1996) recording the different 'work loci' of the observed team 's activities 
along a timeline.
Gunther et al. (1996) plotting protocol statem ents along a timeline assigning 
each statem ent to one of three categories.
Mazijoglou et al. (1996) study recording the num ber of verbal statem ents and categorising 
them  into six different aspects of the discourse.
Representation of the studio space at the graphic design studio as part of a 
contextual inquiry.
Sample excerpt of observations m ade at the graphic design studio as part of a 
contextual inquiry.
Representation of the studio space at the industrial design agency as part of a 
contextual inquiry.
Sample excerpt of the image archive produced during the visits at the industrial 
design agency.
Prototype-centred working model devised to help categorising the 
observations' findings.
Depiction of the core routine obtained in interviews with senior consultants at the 
experience design consultancy.
Unstructured field observations were recorded photographically for later analysis.
Video feed obtained from a w ebcam  installed at the interaction design studio.
Samples of the visual field notes taken at the research group at Princeton University. 
Depiction of the process being employed by the research group alongside the individual 
tools and forms of collaboration.
'Prototype-rich' environm ent in  an office at a Swiss industrial design firm.
'Prototype-rich' environm ent in a work-shop at a Swiss industrial design firm.
'Prototype-rich' environm ent in a Swiss graphic design studio.
Rough prototype of a chair used in the early conceptual phase of the design process. 
Early conceptual book prototype at a Swiss graphic design studio.
Example of early 'thinking sketches'.
Collection of early 'storing sketches'.
'Function prototype' used to quickly test a functional feature of a product.
'Style prototype' used to assess different aesthetic qualities of a product, like proportion. 
Lounge design prototype.
F i g u r e s
Figure 25: Samples of different stitching techniques with lounge forms.
Figure 26: Functional prototype m ade to test the stability of a hall stand design.
Figure 27: Refined prototype incorporating different functional and stylistic aspects of the
design solution.
Figure 28: Style prototypes showing the aesthetic effects of different kinds of fabrics.
Figure 29: Proof-of-production prototype.
Figure 30: A prototype for a light fitting using only two parts to achieve the desired design solution.
Figure 31: Talk occurring during a design discussion led by different types of prototypes.
Figure 32: Discussion of aesthetic properties of a design solution on a functional prototype.
Figure 33: Observational study using a live-stream ing webcam.
Figure 34: Discussion between designers in front of a com puter screen.
Figure 35: Casual talk held between the desks.
Figure 36: Stand-up table for informal meetings, and example of a 'prototype-rich' environment.
Figure 37: Conference room for formal meetings.
Figure 38: A 'prototype-rich' environm ent at the industrial design studio.
Figure 39: A 'prototype-poor' environm ent at the interaction design studio.
Figure 40: Designers' attention converging on a style prototype.
Figure 41: Designers discussing a function prototype.
Figure 42: Designers using 'talking sketches' during the conversation to gain com m on ground.
Figure 43: Test of different settings and materials for the experimental setup in the pilot study.
Figure 44: Sample excerpt of artefact docum entation of each experiment in the pilot study.
Figure 45: Sample excerpt of observations m ade during the experiments in  the pilot study.
Figure 46: Video recording com bined with spatial grid to identify the use of different zones of the
interpersonal space.
Figure 47: Analysis of experiment using sketching as prototyping medium.
Figure 48: Analysis of experiment using clay as prototyping medium.
Figure 49: Analysis of experiment using Lego as prototyping medium.
Figure 50: Comparison of the use of expressions of shared ownership using three different
prototyping media.
Figure 51: Com parison of the use of spontaneous expressions using three different
prototyping media.
Figure 52: Comparison of the use of spontaneous expressions using three different
prototyping media.
Figure 53: Com parison of the use of tentative expressions using three different prototyping media.
Figure 54: Comparison of the use of interpersonal space between the participants using three
different prototyping media.
Figure 55: Com parison of the use of different types of gestures using sketching and Lego as
prototyping media.
Figure 56: The recording of proxemic m otion traces with PMTA in a controlled experiment.
xii A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Figure 57:
Figure 58: 
Figure 59: 
Figure 60: 
Figure 61: 
Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68: 
Figure 69: 
Figure 70: 
Figure 71: 
Figure 72: 
Figure 73: 
Figure 74:
Figure 75:
Figure 76:
Figure 77:
Figure 78:
Figure 79: 
Figure 80:
Analysis incorporating proxemic m otion traces, em erging concepts and usage 
of different prototyping materials.
Experimental setup with working m at (1), material boxes (2, 3, 4), and cam era (5).
Dots and circles indicating stops of 3, 5,10, and 20 seconds.
Com bination of two m otion paths of the participants' hands.
Recording participants' m otion traces manually using IOGraph.
Sample m otion trace analysis of the hand m ovem ents occurring in the first five 
m inutes of experiment 5.
Sample m otion trace analysis of the hand m ovem ents occurring in the sam e five 
m inutes of experiment 5 produced in a different recording session.
Adapted representation of the linkograph for better alignm ent w ith the 
PMTA visualisations.
Example of a very symmetrical m otional activity in experim ent 19 betw een 
10-15 minutes: both, the intensity and locus of the m otion traces seem  quite symmetrical. 
Example of a very asymmetrical motional activity in experim ent 16 between 
30-35 minutes: intensity and locus are not congruent at all.
Example of a somewhat symmetrical m otional activity in experiment 16 betw een 
30-35 minutes: intensity and locus are a bit incongruent w ith the participant on  the 
right showing slightly more motional activity and more use of the interpersonal space. 
The materials were provided in a consistent way.
Comparison of the use of interpersonal space with Lego (left) and sketching (right). 
Comparison of use of interpersonal space w ith clay (left) and sketching (right). 
Comparison of use of interpersonal space with cardboard (left) and sketching (right). 
Proxemic m otion trace analyses in the sketching condition.
Proxemic m otion trace analysis in the Lego condition.
Individual hand m ovem ents of participants Al (left) and A2 (right) using Lego. The 
square outlines indicate the location of the interpersonal space, the rhom bus the 
location of the material box containing Lego.
Individual hand m ovem ents of participants Al (left) and A2 (right) using sketching.
The square outlines indicate the location of the interpersonal space, the rhom bus 
the location of the box containing the sketching material.
W hen using cardboard, m ost ideas were discussed at the beginning of the task 
in experiment 16.
When using cardboard, most ideas were discussed at the beginning of the task 
in experiment 19.
When using cardboard, m ost ideas were discussed at the beginning of the task 
in experiment 22.
Using clay, ideas were expressed in the middle of the task in experim ent 16.
In experiment 19, using clay, no apparent discussion of design ideas took place until 
the very end.
F i g u r e s xiii
Figure 81: In experiment 22, using clay, m ost ideas were expressed at the beginning of the task.
Figure 82: Discussion of design ideas at the beginning and end of the task in experiment 16
using Lego.
Figure 83: Discussion of design ideas at the beginning and end of the task in experiment 22
using Lego.
Figure 84: Discussion of design ideas throughout the task in experiment 19 using Lego.
Figure 85: Experiment 16 using the sketching condition.
Figure 86: Experiment 19 using the sketching condition.
Figure 87: Experiment 22 using the sketching condition.
Figure 88: Emergence of ideas and concepts in experiment 1.
Figure 89: Design moves occurring betw een m inutes 0-5 of experiment 1.
Figure 90: Design moves occurring betw een minutes 5-10 of experiment 1.
Figure 91: Design moves occurring between m inutes 10-15 of experiment 1.
Figure 92: Design moves occurring between m inutes 15-20 of experiment 1.
Figure 93: Design moves occurring between m inutes 20-25 of experiment 1.
Figure 94: Design moves occurring betw een m inutes 25-30 of experiment 1.
Figure 95: Design moves occurring between m inutes 30-35 of experiment 1.
Figure 96: Combined view of Proxemic Motion Trace Analysis and Linkograph in experiment 1.
Figure 97: Prototype of the device m ade of Lego, clay and cardboard.
Figure 98: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases
of experiment 1.
Figure 99: Emergence of ideas and concepts in experiment 4.
Figure 100: Image of the elongated shape of the artefact produced in experiment 4.
Figure 101: Design moves occurring between m inutes 0-5 in experiment 4.
Figure 102: Design moves occurring between m inutes 5-10 in experiment 4.
Figure 103: Design moves occurring between m inutes 10-15 in experiment 4.
Figure 104: Design moves occurring between m inutes 15-20 in experiment 4.
Figure 105: Design moves occurring between m inutes 20-25 in experiment 4.
Figure 106: Design moves occurring between m inutes 25-30 in experiment 4.
Figure 107: Combined view of Proxemic Motion Trace Analysis and Linkograph in experiment 4.
Figure 108: Elaborated prototype build w ith Lego, clay and cardboard.
Figure 109: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases
of experiment 4.
Figure 110: Emergence of ideas and concepts in experiment 5.
Figure 111: Design moves occurring between 0-5 minutes in experiment 5.
Figure 112: Design moves occurring between 5-10 m inutes in experiment 5.
Figure 113: Design moves occurring between 10-15 m inutes in experiment 5.
Figure 114: Design moves occurring between 15-20 m inutes in  experiment 5.
Figure 115: Design moves occurring between m inutes 20-25 in experiment 5.
xiv A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Figure 116:
Figure 117:
Figure 118:
Figure 119:
Figure 120:
Figure 121:
Figure 122:
Figure 123:
Figure 124:
Figure 125:
Figure 126:
Figure 127:
Figure 128:
Figure 129:
Figure 130:
Figure 131:
Figure 132:
Figure 133:
Figure 134:
Figure 135:
Figure 136:
Figure 137:
Figure 138:
Figure 139:
Figure 140:
Figure 141:
Figure 142:
Figure 143:
Figure 144:
Figure 145:
Figure 146:
Figure 147:
Figure 148:
Figure 149:
Figure 150:
Figure 151:
Figure 152:
Design moves occurring in m inutes 25-30 of experiment 5.
Com bined view of Proxemic Motion Trace Analysis and Linkograph in experiment 5. 
Artefact generated in experiment 5 as final design solution.
Evaluation matrix for the degree of connectedness and PMTAs of the individual 
phases of experim ent 5.
Emergence of ideas and concepts in experiment 12.
Design moves occurring between m inutes 0-5 in experim ent 12.
Design moves occurring between m inutes 5-10 in experim ent 12.
Design moves occurring between 10-15 m inutes in experim ent 12.
Design moves occurring between 15-20 m inutes in experim ent 12.
Design moves occurring between m inutes 20-25 in experim ent 12.
Design moves occurring between m inutes 25-30 in experim ent 12.
Design moves occurring between m inutes 30-35 in experim ent 12.
Design moves occurring between minutes 35-40 in experim ent 12.
Combined view of Proxemic Motion Trace Analysis and Linkograph in experim ent 5. 
The final design solution in experiment 12 was presented in a series of drawings. 
Evaluation matrix for the degree of connectedness and PMTAs of experim ent 12. 
Emergence of ideas and concepts in experiment 16.
Design moves occurring in experiment 16 during the first five minutes.
Design moves occurring between m inutes 5-10 in experim ent 16.
Design moves occurring betw een minutes 10-15 in experim ent 16.
Design moves occurring between m inutes 15-20 in experim ent 16.
Design moves occurring in experiment 16 between m inutes 20 and 25.
Design moves occurring between minutes 25-30 in experim ent 16.
Design moves occurring between minutes 35 in experim ent 16.
Combined view of Proxemic Motion Trace Analysis and Linkograph in experim ent 16. 
Two sketches produced during experiment 16.
Evaluation matrix for the degree of connectedness and PMTAs of the individual 
phases of experiment 16.
Emergence of ideas and concepts in experiment 19.
Design moves occurring in the first five minutes of experim ent 19.
Design moves occurring between m inutes 5-10 of experim ent 19.
Design moves occurring between m inutes 10-15 of experim ent 19.
Design moves occurring between m inutes 15-20 of experim ent 19.
Hand movements occurring between 0-5 m inutes in experim ent 19.
Hand movements occurring betw een 5-10 minutes in experim ent 19.
Hand movements occurring betw een 10-15 m inutes in experim ent 19.
Hand movements occurring between 15-20 m inutes in experim ent 19.
Combined view of Proxemic Motion Trace Analysis and Linkograph in experim ent 19.
F i g u r e s XV
Figure 153: Prototype of an interactive m ug produced in example B.
Figure 154: Evaluation matrix for the degree of connectedness and PMTAs of the individual
phases of experiment 19.
Figure 155: Emergence of ideas and concepts in experiment 22.
Figure 156: Design moves occurring between m inutes 0-5 of experiment 22.
Figure 157: Design moves occurring between m inutes 5-10 of experiment 22.
Figure 158: Design moves occurring between m inutes 10-15 of experiment 22.
Figure 159: Design moves occurring between m inutes 15-20 of experiment 22.
Figure 160: Design moves occurring between m inutes 20-25 of experiment 22.
Figure 161: Design moves occurring between m inutes 25-30 of experiment 22.
Figure 162: Com bined view of Proxemic Motion Trace Analysis and Linkograph in experiment 22.
Figure 163: Watch prototype m ade of cardboard, paper, Lego and clay.
Figure 164: Sketch drawn to illustrate the watch's different features.
Figure 165: Evaluation matrix for the degree of connectedness and PMTAs of the individual
phases of experiment 22.
xvi A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
F i g u r e s xvii
xviii A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s

1 Preface
'Engineering, medicine, business, architecture and 
painting are concerned not with the necessary but with 
the contingent -  not with how things are but with 
how they might be -  in short, with design."
Herbert Simon
1.1 Setting the scene
In a controversial speech given at the Parsons School in 2007, titled "Are Designers 
The Enemy Of Design?" the influential design journalist, Bruce Nussbaum, took a 
provocative stance:
DESIGNERS SUCK. There's a big backlash against design going on today and 
it's because designers suck. So let me tell you why. Designers suck because 
they are arrogant. The blogs and websites are full of designers shouting how 
awful it is that now, thanks to Macs, Web 2.0, even YouTube, EVERYONE 
is a designer. [...] Designers are saying that Design is everywhere, done by 
everyone. So Design is debased, eroded, insulted. The subtext, of course, is 
that real design can only be done by great star designers (Nussbaum, 2007).
How designers work and solve problems has been a subject of scientific inquiry 
since the design methods movement in the 1960s. In the past decade, however, 
and in the light of an increasing demand for new approaches in innovation 
development, interest in designerly ways of thinking has been renewed and spread 
to other fields of expertise and scientific research. Today, designing and design 
thinking are often regarded as a capacity not exclusively attributed to designers, 
architects or engineers, but, to a certain degree, to almost all professions. In fact, 
the tools and techniques of designers, as Nussbaum has observed, have become
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largely democratised. Particularly in the management domain, the demand to 
think like designers has been promoted and adopted emphatically in recent years. 
Consequently, individual aspects of designing have found their way into not only 
educational curricula, but also professional practice outside the traditional design 
world.
As with profound change in any field, this has not gone without significant 
resistance. Designers are not the only ones naturally aiming to defend their turf 
when it boils down to a paradigmatic reorientation of their discipline. However, 
despite its perceived threat, this development somehow represents an opportunity 
for the design discipline. Cross (2006) has stated before that "design ability is a 
multi-faceted cognitive skill, possessed in some degree by everyone" (p. 41). He 
even suggests the possibility to claim that design ability might be a form of natural 
intelligence. As with every kind of intelligence, there are some who are endowed 
with more and some with less of it. And there are those who hone and nurture 
their skills to become even more intelligent. To contemplate design ability in this 
context not only renews and reinforces the interest in how ways of thinking specific 
to designers may be understood in more depth, but makes this endeavour highly 
relevant for today's design practice, theory and beyond.
1.2 Artefacts and collaboration
In the public perception, designers are still largely thought of as lone geniuses, 
working secretly and in obscure ways on objects of beauty -  which may or may 
not be the new Apple iPhone, Lamborghini or B&O stereo. While design work is still 
often carried out in secrecy, in today's world of converging technologies, consumer 
research and market strategizing, the days of the lone genius seem to be far gone. 
Answering to an increased need for interdisciplinary work in practice, collaboration 
across and within disciplines is the daily routine of designers nowadays (Buchenau 
& Suri, 2000).
P r e f a c e 2
Collaboration in design processes can take on many forms. It can, for example, occur 
as remote collaboration supported by sophisticated software, or as asynchronical 
collaboration with different designers working in different time zones on a shared 
solution. However, still the most prevailing form of design collaboration takes place 
when people sit down to discuss prototypes. Discussions in design processes can 
be understood merely as a means of social interaction, contributing to the exchange 
of information and to team maintenance and cohesion. They can, however, also 
be viewed as an integral part of designing, where meaning is collectively being 
negotiated, or, as Lloyd and Busby (2001) argue, where "a kind of 'world' is being 
constructed" (p. 68). When thought of not only as a way of conveying information, 
analysing conversations occurring in collaborative design processes -  especially 
when supported by artefacts -  allows us to gain a deeper understanding of how 
people use designerly ways of thinking to solve problems. Bucciarelli (1994) 
emphasises this interrelation of the social and artefact-based dimensions of 
designing when proposing that "it is the object as they [the designers] see and work 
with it that patterns their thought and practice" (p. 4).
When taking a closer look at just how collaborative activities in design processes 
are being carried out, the importance of prototypes becomes evident. Prototyping 
in a general sense -  be it in two dimensions when sketching, or three dimensions 
when, for example, working on a clay model -  seems to be the most ubiquitous 
design activity. Designers use it not only to present design solutions, but as a means 
of supporting and enabling the thought-process individually and collectively. 
Somewhat surprisingly then, just how these artefacts relate to the ways they are 
collaboratively negotiated and developed in multi-modal design conversations 
remains an issue which is not thoroughly understood yet.
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1.3 Research questions
Although prototypes and their social functions are crucial to every design process 
and design collaboration, only a small amount of research relates the various forms 
of artefacts to their roles in social interaction. In designing complex products, 
interdisciplinary collaboration is crucial to developing design solutions successfully. 
While prototyping and collaboration as pervasive activities in all design disciplines 
essentially shape what is being designed, just how these two aspects interrelate 
represents an under-researched area. This thesis tries to fill this gap in the existing 
literature and to gain insights that are highly relevant for design practice. Thus, this 
thesis investigates phenom ena at the intersection between those two key facets of 
designing. The core research question asked is:
How do different types of prototyping media contribute to collaborative design 
processes, particularly the 'quality' of verbal and non-verbal interaction?
Underlying the research question are the following hypotheses that guide the 
research:
(1) Different kinds of prototyping media inform qualitative aspects of social 
dynamics in collaborative design processes.
(2) Different kinds of prototyping media inform the co-construction of 
knowledge in collaborative design processes.
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1.4 Structure of the thesis
The investigation undertaken in the context of this research started with an 
unstructured field observation of design practice. The aim was to discern how 
design was actually accomplished in professional design studios and what issues 
are prevalent within this context. The focus was on different uses of prototypes 
and their relations to design discussions. Based upon the findings, more specific 
questions arose that required a more structured observation. These questions were 
addressed in a series of experiments that allowed for a more isolated observation and 
analysis. The thesis is structured into six main parts: (a) the theoretical framework, 
(b) the methodological reflections, (c) the evolution of the new methodology from 
practice studies and pilot studies, (d) the description of the Proxemic Motion Trace 
Analysis, (e) the research results, and (f) the conclusion.
The first part aims at providing the underlying framework upon which this research 
builds. It starts out by observing design activities and artefacts in practice. Inspired 
by these findings, it first explores how design researchers have tried to understand 
the specific designerly ways of thinking. It then describes how the existing research 
understands designing both as a social activity and as a prototyping activity. What 
is known about these two dimensions, particularly about artefacts and verbal and 
non-verbal interaction, is then drawn together.
Just why a new method to investigate design processes is needed constitutes 
the second part of the thesis. The aim of design research is restated to provide 
the general backdrop for the reflections in this chapter. The most relevant 
design research methods are reviewed and their advantages and shortcomings 
summarised, demonstrating the need for a new method.
The third main chapter recounts the approach and findings leading up to the 
development of a new method to analyse collaborative design processes. It shows
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how insights gained in different practice studies necessitated a series of pilot 
studies, which evolved over the course of this thesis into the new method.
The fourth part describes in detail how the new method -  the Proxemic Motion 
Trace Analysis PMTA -  works and how it can be applied to provide a comprehensive 
view of collaborative design processes.
The results of the research activities and the application of the PMTA are presented 
in the fifth chapter. It reports the findings gained from a series of 23 experiments 
using the Proxemic Motion Trace Analysis.
The sixth chapter interprets and discusses the results gained from analysing 
prototyping and interaction using PMTA. It gives possible explanations for the 
observations made and relates them to the existing literature.
The final chapter proposes the conclusions from the research. Furthermore, it 
reflects on the limitations of this thesis, on possible implications for design practice 
as well as design theory and provides an outlook to future work.
P r e f a c e 6
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2 Literature review
This chapter critically explores the existing literature around prototyping and 
collaboration, particularly in regard to the social and artefact-related dimensions of 
designing. In a first step, it tries to better understand why prototypes are crucial to 
designing, what we know about them and about their role in collaborative processes. 
The chapter then looks at how prototypes relate to the social dimensions of design 
collaboration, particularly what the literature proposes about the specific verbal and 
non-verbal behaviour in artefact-centred interactions and what we know and do 
not know about the role prototypes play in social interactions in artefact-facilitated 
conversations.
2.1 Designing as prototyping activity
2.1.1 Why prototypes matter
Cross (2011) highlights the importance prototyping plays in the work of outstand­
ing designers. Reporting the development of a city car by the eminent car design­
er Gordon Murray, he recounts that "the design work took a major step forward 
when Gordon and his team built a very simple, full-size mock-up of the car, using 
wire and cardboard. [...] The mock-up became a useful design tool, as it began to 
suggest some new possibilities" (p. 47). Cross observes a similar approach in the 
design practice of another outstanding designer, Kenneth Grange. For one early 
and important work of his, a food mixer for Kenwood, Grange accounts that he "did 
everything with mo del-making" (p. 66).
This emphasis of prototypes in design work is not a singular observation. Perry 
and Sanderson (1998) claim that "design and engineering is constructed through 
the interactions of multiple actors", and highlight that "artefacts and representa­
tions of the design process have a key function in the organisation of this work" 
(p. 273). Edelman, Leifer, Banerjee, Jung and Sonalkar (2009) echo this perspective,
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proposing that "the media which design engineers enlist are cognitive tools which 
extend and modify their ability to perceive, think and communicate" (p. 395). More 
generally, they argue that: "Design thinking and communication occur in the pres­
ence of representation. It is through representation that group members can liter­
ally see what they say and reflect on what they see" (p. 395). This corroborates the 
crucial role design objects play in designing activities by informing thought and 
communication processes. Most models of design thinking emphasise the role of 
prototyping and collaboration as crucial features of design activity too (Rowe, 1987; 
Kelley, 2001; Lawson, 2005; Cross, 2005; Brown, 2009). Bucciarelli (1994) supports 
this claim by observing: "To participants in design, the object serves as a kind of 
icon that embodies a set of attitudes and ways of thinking that are peculiar to en­
gineering" (p. 2). He emphasises that "it is the object as they see and work with it 
that patterns their thought and practice" (p. 4). Analysing social interactions in the 
Delft Protocol Analysis Workshop, Brereton, Cannon, Mabogunje and Leifer (1996) 
support this perspective:
Many solution proposals and interpretations of requirements clearly arise 
from designers' interacting with available hardware. [...] A compelling anal­
ysis would also result from examining how hardware acts as a negotiator to 
steer the activity (p. 339).
There is a general consensus in the existing literature about the importance of 
prototypes and artefacts in design work and their role in facilitating collaboration. 
However, it does not explain just what role prototypes play in design collaboration 
and in what ways they facilitate the process. This points to one of the central aims 
of this thesis: to better understand how artefacts relate to the types of collaborative 
design activity that lead up to the development of final design solutions.
2.1.2 Prototypes as boundary objects negotiating between fields of expertise
The literature above implicitly points to the collaborative nature of today's design 
activities. Indeed many argue that designing has become an increasingly collabo­
rative activity (Buchenau and Suri, 2000; Feast, 2012; Smulders et al., 2008; Adamst
L i t e r a t u r e  r e v i e w 10
et al., 2009). Such a view is supported, for example, by Trevelyan (2000) advanc­
ing that the foundation of design practice "is distributed expertise enacted through 
social interactions between people" (p. 177). Perry and Sanderson (1998) too, point 
to the importance of collaborative design activity: "design and engineering is con­
structed through the interactions of multiple actors" (p. 273). Design objects inform 
not only the way individual designers work, but also how teams negotiate their way 
to a design solution.
The concept of boundary objects, first introduced by Star and Griesemer (1989), 
underlines this understanding of design artefacts. By representing, translating and 
facilitating knowledge, concepts and ideas across the frontiers of individual disci­
plines, prototypes may be defined as boundary objects. Star and Griesemer define 
boundary objects as:
[B]oth plastic enough to adapt to local needs and constraints of the several 
parties employing them, yet robust enough to maintain a common iden­
tity across sites. They are weakly structured in common use, and become 
strongly structured in individual-site use. They may be abstract or concrete. 
They have different meanings in different social worlds but their structure 
is common enough to more than one world to make them recognizable, a 
means of translation. The creation and m anagement of boundary objects 
is key in developing and maintaining coherence across intersecting social 
worlds (p. 393).
Carlile (2002) developed the concept of boundary objects further. He lists three 
characteristics of 'effective' boundary objects in new product development: (1) "a 
boundary object establishes a shared syntax or language for individuals to repre­
sent their knowledge"; (2) "an effective boundary object at a semantic boundary 
provides a concrete means for individuals to specify and learn about their differ­
ences and dependencies across a given boundary"; and (3) "an effective boundary 
object facilitates a process were individuals can jointly transform their knowledge" 
(p. 452).
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Related to the concept of boundary objects, Wenger (1996) has put forward the 
concept of 'communities of practice' as crucial to organisational knowledge m an­
agement and as, in fact, the "social fabric of knowledge" (Wenger, 2004, p. 1). Such 
communities are essentially groups of people who are informally bound together 
by a shared expertise and a commitment to a shared cause. Wenger emphasises 
that "Knowing is not merely an individual experience, but one of exchanging and 
contributing to the knowledge of a community" (p. 1). This observation is especially 
relevant in today's design practice which needs to incorporate various bodies of 
knowledge in order to develop comprehensive design solutions. In this context, 
Wenger's observation that artefacts are not only valued in individual communities, 
but that they "support connections between different practices" (Wenger, 2000, p. 
236) is pertinent. He differentiates between three kinds of boundary objects: (1) ar­
tefacts (e.g. tools, documents or prototypes); (2) discourses (e.g. languages or jar­
gons); and (3) processes (e.g. explicit routines or business processes). However, 
boundary objects do not ensure a working exchange of knowledge per se. Wenger 
notes that they "do not necessarily bridge across boundaries because they may be 
misinterpreted or interpreted blindly" instead, they "enable multiple practices to 
negotiate their relationships and connect their perspectives" (p. 236).
This characterisation gives an insight into the key functions design objects provide 
in collaborative design activities: they act as a shared language in which different 
team members can communicate, negotiate and evaluate. They help to specify 
differences and dependencies between individual domain-specific interpretations, 
and they facilitate collaborative negotiation of the design solution. These features 
are of crucial importance when considering that the "problem facing cross-func­
tional design teams is one of distributed cognition. [...] Much of their knowledge 
can be said to reside in representations that team members create for and share 
with one another" (Edelman et al., 2009, p. 396). In order to provide these functions 
and to facilitate knowledge transfer and joint knowledge transformation, design 
objects as boundary objects may take on different forms according to their purpose 
or location within the design process. As illustrated above, the existing literature 
tells us about the importance and role prototypes and artefacts play in collaborative
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design processes. It does not, however, explain how different types of prototypes 
contribute in what ways to those processes. It begs the question as to whether all 
kinds of artefacts inform design collaboration in the same way, or whether there 
are differences. To better understand the potentially different roles of boundary ob­
jects in design collaboration, one has to first understand what different kinds of 
prototypes are used in design practice.
2.1.3 Typologies of prototypes
In the literature, different kinds of prototypes have been categorised along various 
dimensions. Most of them can be roughly summarised into two categorisations: 
one focusing on 'functions and purposes' of prototypes, and one on the 'develop­
mental stages' prototypes are being employed in.
Function 8 purpose
Ullman (2003) focuses on the individual purposes prototypes serve: (1) proof-of- 
concept prototypes, which test the basic concept and clarify the initial design ap­
proach; (2) proof-of-product prototypes, which are to test the actual artefact and 
define the product's physical embodiment; (3) proof-of-process prototypes, which 
verify a specific sequence of actions or production methods and materials that will 
result in the desired product; and (4) proof-of-production prototypes, which are 
to clarify the possibilities or problems faced in the complete production process 
of the artefact. Focusing on proof-of-concept prototypes, Houde and Hill (1997) 
propose a triangle model, incorporating the three dimensions: 'role', 'function' and 
'form'. According to Houde and Hill prototypes might show one of these dim en­
sions or all three together, while artefacts incorporating all three dimensions are 
considered integration prototypes.
Pei, Evans and Campbell (2011) propose an extended taxonomy for sketches, draw­
ings, models, and prototypes. Pei et al. define sketches as preliminary design rep­
resentations without detail, and drawings as a structured, formal arrangement of 
lines. While this distinction is relatively clear, the difference between models and 
prototypes is less so. The authors make the distinction between appearance m od­
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els (industrial design models) and functional models (engineering models). How­
ever, Pei et al. propose the same classification for prototypes (industrial design pro­
totypes and engineering design prototypes).
Budde et al. (1992) propose another classification, orienting itself on the purpose 
and the m anner of construction of the prototypes: (1) presentation prototype, 
which is used for presentations to convince clients of the feasibility; (2) prototype 
proper, which is built and tested to clarify user needs; (3) breadboard prototype, 
which is built to ensure the technical feasibility; and (4) pilot system prototype, 
which represents the core solution and can be, after a few iterations of evolutionary 
prototyping, serve as a final design solution.
Developmental stage
Another categorisation is proposed by Sommerville (1995) and Budde et al. (1992). 
Both suggest considering the stages of prototype development. According to this 
categorisation, Sommerville identifies three stages: 'throwaway', 'evolutionary' and 
'incremental'. Similarly, Budde et al. describe the stages as 'evolutionary', 'experi­
mental' and 'exploratory'.
Edelman and Currano (2011) propose to categorise design objects within a matrix 
with the two dimensions 'resolution' (the level of refinement or granularity) and 
'abstraction' (the degree to which specific characteristics are pulled out of context). 
They distinguish between three types of design objects: (1) ambiguous media, such 
as rough sketches and physical prototypes, which are argued to encourage diver­
gent conversations and paradigmatic changes; (2) mathematised media, such as 
highly realistic images or technical drawings, which are argued to encourage con­
vergent conversations and parametric changes; and (3) hybrid media, which in ­
corporate combinations of different media, such as photographs, drawings or text, 
which are argued to allow a flexible exploration of the relations between different 
elements of the design solution.
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These typologies demonstrate the various perspectives in which prototypes can be 
seen. However, more importantly, these different types indicate individual em pha­
ses in the use of prototypes in design practice. As artefacts, they focus on various 
design activities and serve different purposes along design processes. The findings 
from the literature reviewed above imply that designers devise different types of 
prototypes to facilitate specific outcomes at various stages in the design process, 
and that these different types have distinguished effects on how design solutions 
are perceived and collaboratively worked on. The reported findings, however, did 
not reveal just what effects the use of prototypes is aimed at. This raises the ques­
tion as to how exactly and in what ways artefacts affect and facilitate design pro­
cesses.
2.1.4 Effects of prototypes
Psychological effects
Arguing that "prototyping not only influences work outcomes, but also the way 
people feel about the work", Gerber and Carroll (2012, p. 18) observe the psycho­
logical experience of prototyping. In an eighteen-m onth ethnographic study con­
ducted at a high-tech firm, they investigated how 35 members of the workforce felt 
when participating in low-fidelity prototyping. The authors report three features of 
the psychological experiences when prototyping: (1) prototyping allowed refram­
ing failures as learning opportunities; (2) prototyping fostered a sense of forward 
progress; and (3) prototyping strengthened people's beliefs in their creative abili­
ties. One way prototyping exerts this effect is by promoting control in situations of 
uncertainty, as Gerber and Carroll point out:
When prototyping, practitioners break larger tasks into modest size tasks, al­
lowing them to take frequent action. By taking frequent action on m anagea­
ble tasks, practitioners experience small wins by observing their impact and 
attributing success to their actions (p. 3).
By understanding failure as necessary and beneficial within this process, this leads 
practitioners, according to Gerber and Carroll, to increase their confidence in their
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creative ability and motivation to act, despite the uncertainty of the design pro­
cesses' outcomes. In a series of experiments with design students investigating the 
effects of parallel prototyping, Dow, Glassco, Kass, Schwarz, Schwartz and Klemmer
(2010), support these findings by observing that "when people create multiple alter­
natives in parallel, they produce higher-quality, more diverse work and experience 
a greater increase in self-efficacy" (p. 18), while engaging in serial critiques about 
the prototypes produced resulted in more defensive postures (Dow et al., 2010).
Design fixation
Youmans (2011) reports, in a study conducted with 120 students on the effects of 
physical prototyping on design fixation, that the solutions were better and con­
tained fewer fixations when designed in a physical prototyping environment in ­
stead of an environment without prototyping possibilities. He notes that design 
fixation is a robust phenom enon because information is being stored in the hum an 
brain via "associative networks of interconnected concepts in ways that make re­
cently-activated concepts more likely to be retrieved" (p. 116). As the design process 
is complex and involves different cognitive abilities, he proposes that physical pro­
totyping could be thought to reduce design fixation because it stores current ideas, 
thus reducing the mental workload and making room for critically reflecting these 
ideas. This observation is reminiscent of van der Lugt's (2005) category of 'storing 
sketches', where sketches seem to serve the same purpose. Additionally, Youmans 
investigated the performance of groups versus individuals and concludes that the 
performance and advantages of group work may depend largely on the state of the 
environment and especially emphasises the importance of physical prototyping 
environments. However, others, like Christensen and Schunn (2008), argue against 
the decreasing effect of physical prototypes on design fixation and propose the 
opposite. They observed that on the contrary, unsupported cognition and design 
processes supported by sketches "had more mental simulations than did cognition 
with the support of prototypes" (p. 342). Investigating their hypothesis that physical 
models lead to an increased design fixation, Viswanathan and Linsey (2009) con­
ducted a controlled experiment, reporting that, contrary to the hypothesis, physical 
models can overcome gaps in designers' mental models and produce a greater 
number of functional design solutions.
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There appears to be a fundamental disagreement when reflecting the effect of pro­
totypes on design fixation. One possible way to shed light on this issue could be 
to observe the prototypes embedded in social interaction. When taking a closer 
look at how sharing individual ideas influenced the design process, Dow, Fortuna, 
Schwartz, Altringer, Schwartz and Klemmer (2011) observed that "when people pro­
duce and share multiple alternatives with peers, they explore more diverse ideas, 
integrate more of their partner's features, engage in more productive design con­
versations, and ultimately, create higher-quality work" (p. 8). The authors argue that 
single prototypes tend to focus design discussions on the refinement of a specific 
idea represented by the prototype. While this might be beneficial in some group 
communications, working on a single prototype not only fosters design fixation, 
but also encourages designers to over-invest in one specific idea. However, they 
observed that by having designers share multiple prototypes with other designers, 
and then collaboratively working on a shared prototype, the negative effects can be 
overcome and better outcomes yielded.
Iteration
In a laboratory experiment researching the difference between individuals con­
ducting iterative testing and individuals prevented from iterating their design solu­
tion, Dow et al. (2009) report that "rapid iterators not only outperformed non-itera­
tors, their self estimate of task performance significantly increased from before the 
design period to just before the task performance test" (p. 8). However, they argue 
that iteration does not lead to a divergent exploration of a variety of different con­
cepts. Iteration, it seems, only affected the overall solution as an outcome of the 
design process.
Refinedness and complexity
In a study of two design engineering classes at Caltech, Yang and Epstein (2005) 
investigate the influence of the complexity of prototypes. They report that more 
time spent in the early stages of the prototyping process leads to a better design 
outcome. In addition, time invested in the early stages of the prototyping process is 
beneficial for the design solution. Accordingly, more time spent later during fabri­
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cation does not necessarily improve the design outcome. Leifer and Steinert (2011) 
endorse this claim, putting forward in a related study that "there is an inverse re­
lationship between the refinedness of the prototype material and the size of the 
solution space opened up by the created conceptual alternatives" (p. 171).
Prototyping materials
Lawson (2006) suggests that the form that design is being represented in may po­
tentially have great effect on the design process itself. Leifer and Steinert (2011) 
argue very m uch in the same way that "the choice of the prototype material or 
environment, directly influences the amount and degree of the generated alterna­
tives" (p. 162). Edelman et al. (2009) present a study of a university's vehicle driving 
dynamics laboratory. They observe that "design thinking occurs in the presence 
of media, and the type of media conditions the kind of thoughts a design engi­
neer has" (p. 397). Based upon the hypothesis that "rough sketches and prototypes 
yield paradigmatic changes in a model and high-resolution renderings and m od­
els yield parametric changes" Edelman and Currano (2011, p. 62) observe in design 
practice that 'ambiguous media' encourage divergent conversations, 'mathema- 
tised media' convergent conversations. Barbapour Chafi (2014) echoes this claim 
in a meta-study of the existing research regarding different kinds of embodiment 
used to externalise design solutions. She states that "sketching is considered an in ­
telligence amplifier, while digital modelling is regarded as a creativity inhibitor" (p. 
42). Viswanathan and Linsey (2010) even ask whether physical models, in general, 
are a "hindrance or help", as they might lead to design fixation. However, when 
looking at the advantages of physical prototyping, Barbapour Chafi (2014) argues 
that "in contrast to sketches, which can only be read through vision, the tangible 
nature of physical models enables the designer with multimodal interaction" (p. 38) 
and that their use might lead to "finding geometric relations that would otherwise 
be hidden in one representation" (p. 44). While the contrast between sketching and 
physical modelling may be a stark one, the effects of the specific types of m ate­
rial used seems to be more subtle but nonetheless influential. When developing 
a method to investigate designers' shape modification activities and applying it 
to the observation of modelling with clay, Wiegers, Dumitrescu, Song and Ver-
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geest (2006) found that more than half of the time spent on the model was used to 
make modifications. In contrast, time invested in examining the models was only 
recorded on an average of 7 percent of the total time. This finding illustrates that 
the materials used when designing not only influence the form of the final design 
solution, but also the process of designing itself.
These observations seem to imply that the specific material of a prototype informs 
the conversation taking place within design activities. Whyte, Ewenstein, Hales and 
Tidd (2007) suggest distinguishing between 'frozen' materials, which are not avail­
able for change, and 'fluid' materials, which are dynamic in nature. They argue that 
the characteristics of the materials used set out "the tempo, beat, pace or rhythm 
for structuring the social relations" (p. 26). Hence, designers should, according to 
Whyte et al., be mindful about the pace and style of their interactions by careful­
ly choosing the different types of visual materials when designing collaboratively. 
However, only a little is known about the specific characteristics of prototyping 
materials in design processes, especially in regard to the kinds of interaction they 
facilitate.
These findings demonstrate that the generation of design artefacts relates strong­
ly to the outcomes of design processes. They also indicate that prototypes play 
an important role on a psychological level, closely linked to the social processes 
occurring during collaboration. As shown in the literature reviewed above, there 
are, however, different takes on just how prototypes and sketches inform design 
collaboration. For example, when looking at the concept of design fixation, it is 
not obvious at all whether prototypes foster or impede the divergent exploration 
of design ideas. Dow et al.'s (2011) observation regarding the sharing of prototypes 
leading to overcome design fixation points to the conclusion that it is necessary 
not to look at these effects as isolated events, but in conjunction with the social 
activities occurring simultaneously. Thus, the findings point to the question as to 
how artefacts and their generation correlate with the social aspects of collaborative 
design processes, and in particular the verbal and non-verbal interaction taking 
place in co-located design activities.
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2.2 Artefacts and conversations
2.2.1 The conversational nature of design
Particularly in the early phases of the design process, which is characterised by 
informality and open-endedness, Catledge and Potts (1996) argue that social fac­
tors like organisational culture or effectiveness of group collaboration are equally 
important to succeeding, as are hard engineering methods. With new com m uni­
cation and collaboration technologies emerging, interest in designing as a social 
process of interaction, negotiation and discussion in interdisciplinary teams has 
increased (Brereton et al., 1996; Perry and Sanderson, 1998; Oak, 2011). However, 
when investigating the interrelations between artefacts and social interaction tak­
ing place in designing, one is well-advised to take first a closer look at the most 
dominant form of co-located design collaboration: design discussions.
It is often argued that linguistic aspects of design distract from the designer's 'real' 
work, and that claiming that language is an essential part of the production of a de­
sign object is against many of the beliefs designers hold (Fleming, 1998). However, 
it appears not to be clear just what exactly 'real' design work is supposed to be.
Others oppose this view as well. Ariff, Ozgur and Badke-Schaub (2013), for example, 
point out that verbalisation is critical in negotiating shared understanding in de­
sign processes. Bucciarelli (1994) supports this claim and emphasises that discus­
sion amongst different stakeholders in design projects is of great importance when 
negotiating between different 'object worlds', "worlds of technical specializations; 
with their own dialects, systems of symbols, metaphors and models, instruments, 
and craft sensitivities" (Bucciarelli, 1998). The role of discussion in designing there­
fore is, according to Bucciarelli, "a process of achieving consensus am ong partic­
ipants with different 'interests' in the design" (Bucciarelli, 1994, p. 159) which can­
not be reconciled in object-world terms. An engineer and a chief financial officer, 
for example, would have a very different understanding and interpretation of a 
product prototype, which would arguably lead to misunderstandings and disputes 
without discussion. Yet, Bucciarelli argues that both of them  need to "negotiate
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their differences and construct meaning through direct, and preferably face-to- 
face, exchange" (p. 159). Lloyd and Busby (2001) echo this claim by stating that "in 
design conversations a kind of 'world' is constructed with its own references, as­
sumptions, symbol systems, and contributing experiences" (p. 68). They argue that, 
by closely analysing such conversations, the very construction of these 'worlds' 
can be examined and the underlying mechanisms by which language works in 
relation to a developing artefact can be understood. This thesis regards designing 
as a multifaceted activity, incorporating different modes of thought and forms of 
representation. From such a perspective, it is argued that verbal and non-verbal 
interaction between designers can be justifiably regarded as an integral part of de­
signing.
2.2.2 Aspects of design conversations
Understanding the different aspects of design conversations is important when 
trying to gain deeper insight into how such interactions inform and are informed 
by artefacts. They can reveal qualities, good or bad, specific to artefact-facilitated 
design conversations. Research has looked into various dimensions of verbal in ­
teraction in design processes. In trying to understand how conversations around 
artefacts -  as a major part of social interaction taking place in collaboration -  in ­
form design processes, different aspects have been investigated in the design re­
search literature in more depth:
Disagreement
As an important aspect of collaboration, research has investigated how designers 
negotiate disagreement about the development of a design solution in design dis­
cussions. When looking at how people express their individual assessments in col­
laborative processes, Matthews and Heinemann (2012) observed that while agree­
m ent or acceptance was uttered in as most direct and minimal a way as possible, 
disagreements were expressed in a more complex or indirect form, often delayed 
by in-breaths or silences. Concluding from their observations, they suggest that 
"interaction is geared towards social solidarity" (p. 658). In a similar investigation, 
Oak (2013) reports how 'reported speech', quoting another person in a conversa­
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tion, is used to deflect decision-making and deliver assessments. She argues that 
reported speech is being carefully used to express negative judgments to save o th­
er participants' positive self-image and public regard. One way of doing so, Oak 
observed, was to avoid naming specific features of what was opposed. Oak points 
out that reported speech is "selectively used by whoever is doing the reporting to 
strategically and competently perform the interaction at hand" (p. 52). So, while one 
might be expecting a straight forward feedback, people might be giving replies that 
are more complex in nature, and probably focus more on 'saving face' or avoiding 
giving an opinion. While there are famous examples of cultural differences in the 
importance of 'saving face' -  for example, the Japanese concept of 'face', 'mentsu' 
-  Oak analysed an architectural design meeting in the UK, indicating a more u n i­
versally observable phenomenon.
These findings echo McDonnell's (2012) observation of how collaborating de­
signers deal with disagreement to allow progression in the design process. When 
investigating how disagreement is being accommodated to ensure forward pro­
gress, McDonnell (2012, p. 61) highlights three conversational devices: (1) "signal­
ling the propositional status of a conversational turn", (2) "explicitly acknowledging 
that there are design alternatives yet to be resolved by enumerating them", and 
(3) "marking off different solution concepts about which there is disagreement by 
naming (technicalising)". Thus, when analysing design discussions, looking at how 
participants cope with disagreement, provides valuable insight into how efficient 
and effective their collaborative work progresses. It might be argued, however, 
that to some extent such observations could be made in all kinds of conversations 
where a course of action is negotiated, not just specifically in design-related dis­
cussions.
Formality
Eckert, Stacey and Earl (2013) follow a similar line and argue that communication 
amongst designers and non-designers alike is often riddled with m isunderstand­
ings, flaws and difficulties. To better understand the reasons why those im pedi­
ments occur, they suggest looking at the formality of the design process, the in ­
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teractions between the participants, and the representations containing design 
information. Eckert et al. (2013) understand formality "as adherence to rules, or as 
strictness of entailment" (p. 92) and distinguish between implicit and explicit for­
mality. The authors point out that "formality can be modulated in the mannerism 
of communication, the rhetoric employed, and how representations are construct­
ed, to make communication more effective" (p. 91). They conclude in arguing that 
the rules and expectations according to which the different levels of formality are 
governed both create and restrict the possibilities of how designers plan and ex­
ecute their designing activities. When analysing the path a design conversation 
follows, analysing the formality of talk might thus help to understand why certain 
design activities were executed and others were not. However, this raises the ques­
tion as to whether there are formalities unique to design conversations or whether 
they can, to a certain extent, be found in all conversations as well.
Tentativeness
McDonnell (2009) argues that collaborative negotiation in designing activities 
leads to a sense of ownership and thus more effective collaboration. In a relat­
ed investigation into collaborative negotiation, McDonnell (2012) focuses on how 
tentativeness supports constructive collaboration and looks more closely at the 
conversational strategies applied to accommodate disagreement. By analysing the 
spoken exchanges, she characterises an observed design session as 'fluid expert 
design practice'. As such, McDonnell reports the designers' discussion to move be­
tween the requirements and the design, between design context and use context, 
as well as between breadth and depth of the design solution. Tentativeness is iden­
tified as an important feature of discussion, as it provides different types of moves 
in the design process which are crucial for progression: projecting possibilities 
without signalling commitment, suggesting refinement of potential design details, 
and making acceptable backtracking, unravelling earlier design conjectures. Glock 
(2009) supports this observation and argues that "vague expressions perform im ­
portant functions in conveying meaning which require context for an appropri­
ate understanding" (p. 18). However, just how tentativeness relates to the sense of 
ownership is not obvious. For example, at first sight it seems that the notion of
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proposing a possible idea for a specific design without commitment and by mak­
ing backtracking easy could inhibit an emotional and cognitive identification with 
the design solution. But tentativeness used as a conversational strategy employed 
by designers could help to disguise personal commitment to a specific idea and 
thus make the proposition more acceptable and even allow others to identify with 
it. Either way, tentativeness appears to possess great influence on the conduct of 
conversations, which needs to be addressed when analysing design discussions.
Evaluation
By analysing team communication sentence by sentence, Stempfle and Bad- 
ke-Schaub (2002) take a closer look at the basic elements of thinking in design, es­
pecially the four basic cognitive operations of generation, exploration, comparison 
and selection. They observed two processes of how solution ideas were treated: 
process 1, where ideas are immediately evaluated, and process 2, where ideas were 
first analysed and then evaluated. Their observation showed that, while process 1 
yielded considerable savings in time and cognitive effort, it was also more likely 
to produce errors when the complexity of the design problem-increased. This ob­
servation suggests that what and when decisions are agreed upon during design 
conversations might be related to two specific qualities of talk the participants are 
engaged in, which could be designated as 'analytical-and-evaluative' or 'evalua­
tive-only'. However, these observations do not give any clues as to when and why 
such qualities of talk might appear, and what factors might inform them. As one 
possible explanation, it could be hypothesised that the 'evaluative-only' process 
is used when time is more limited, as, according to Stempfle and Badke-Schaub 
(2002), it allows for significant "savings in time and cognitive effort". But the results 
were gathered in a laboratory setting with three teams developing a collaborative 
design solution over the duration of three hours. Thus, such an interpretation falls 
short of explaining the difference.
Sharing mental models
Casakin and Badke-Schaub (2013) investigated the role of mental models in collab­
orative design activities. Mental models, they argue, can be defined as "simplified
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representations of reality that serve for processing of new information, and acting 
in unknown situations with little mental effort" (p. 162). As such, they can enable 
understanding and predicting individual and team performance, as well as behav­
iour in problem-solving, and thus help to improve team communication. By ana­
lysing an architectural design meeting, Casakin and Badke-Schaub (2013) observe 
that when a certain degree of sharedness of mental models held by the individual 
participants is reached, less verbal communication is needed and a decline in the 
frequency of verbal utterances can be observed. Their results show that the partici­
pants spend most of their efforts at the beginning of the design session exchanging 
information concerned with the task. When analysing design conversations, these 
findings point to an observable quality of talk that is signified by a higher or lower 
degree of sharedness of mental models. It might be argued, however, that these 
findings might be related to the specific example of architectural meeting, between 
an architect and its client, chosen by the authors. For example, as one of them is 
not a trained designer or architect, the communication of their respective m en­
tal models will predominantly be accomplished by verbalising them. This might 
be quite different when two designers or architects meet, who are experienced in 
communicating their ideas in non-verbal, more visual and tangible ways. .
The aspects of design conversations reviewed above indicate possible qualities 
of design discussions suggested by closely analysing the verbal-interaction tak­
ing place between designers. When looking at the interrelation between artefacts 
and social interaction, these aspects might play an important role. Since it is ar­
gued, however, that designing is a multi-modal activity, it seems necessary to take 
non-verbal interaction into account as well.
2.2.3 Non-verbal communication in design conversations
Conversations, especially in an explicitly visual and tactile domain like design, 
do not limit themselves to the spoken word, but also rely heavily on non-verbal 
communications. Knapp (1978) identifies seven different categories of non-ver­
bal communication: (1) environmental factors, like lighting, smells, temperature or 
architectural style; (2) proxemics, the use and perception of one's social or per­
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sonal space; (3) kinetics, like gestures, postures or body movements; (4) touch­
ing behaviour, the physical contact between people; (5) physical characteristics, 
like physique, height, hair or skin colour; (6) paralanguage, which comprises pitch, 
volume, intensity, and tempo; and (7) artefacts, which are in contact with people 
interacting, like perfume, lipstick or sunglasses.
Lloyd, Lawson and Scott (1995) put forward that "thought is always mediated", e.g. 
through words, signs, objects or gestures, representing different kinds of thinking. 
When designing, and particularly in design conversations, many different parallel 
lines of thought are being employed. Conducting a protocol study focusing on 
concurrent verbalisation during designing, Lloyd et al. observed a decrease of the 
verbal rate at various instances, indicating an engagement in abstract activities that 
were incompatible with verbalisation. Thus, Lloyd et al. argue against a "unitary 
notion of design' [...] the idea that designing is one 'thing'" (p. 258) and, in contrast, 
suggest that designing should be understood "as consisting of many interlocking 
and overlapping processes" (p. 239) which incorporate different modes of thought.
Likewise, tacit knowledge is commonly thought to influence design in a distinctive 
way (Mareis, 2012). It is often linked to characteristic design activities, like sketching 
or modelling, but also to activities like showing, presenting, mimicking and trying 
out. Mareis points out that: "What these attributes have in common is that they refer 
to non-verbal activities -  meaning visual, aesthetic, haptic, performative, or m o ­
toric and gestural aspects -  in and on which knowledge in design should manifest 
itself in a non-verbal manner" (p. 63). Glock (2009) echoes this perspective that in 
design discussions "participants often construct activities through simultaneous 
use of different kinds of semiotic practices in different media (such as language, 
gesture and drawing) which mutually elaborate each other" (p. 5). Below, two of the 
most important ways of non-verbal interaction in collaborative design processes -  
gestures and the use of interpersonal space -  will be looked at in more detail.
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Gestures
One distinguished form of non-verbal communication, especially in design con­
versations, is gestures. McNeill (2005) argues that: "Gesture is an integral com po­
nent of language in this conception, not merely an accompaniment or ornament" 
(p. 20), and observes that about 90 percent of spoken utterances in 'descriptive 
discourse' are accompanied by gestures. He identifies two basic features: (1) they 
carry meaning, and (2) they are co-expressive with simultaneous speech. There is 
some neurological evidence to support the importance of gestures in conversa­
tions. Clark (2008) argues that certain kinds of thinking can only occur when hands 
actually move. With the discovery of the 'mirror neurons', investigations in the links 
between gestures and speech increased (Ozyiirek 8- Kelly, 2007). McNeill (2007) ar­
gues that "without gestures [...] the brain circuits required for language could not 
have evolved in the way they apparently have" (p. 31). He puts forward that:
[W]hat was selected in hum an evolution is a capacity, not present in other 
primate brains, for the mirror neuron circuit to respond to one's own ges­
tures as if they belonged to someone else (thus gesture is activated as part 
of social interaction, producing among other things the social dependence 
of gestures when the addressee is invisible—speaking on the phone, a blind 
person talking to another blind person—but not speaking into a tape record­
er) (p. 31).
Cutica and Bucciarelli (2011) support this view and argue that gestures help speak­
ers to organise their stream of thought.
Regarding the effects of gestures on collaborative design activities, Chu and Kito
(2011) investigated the influence on co-thought gestures on spatial visualisation 
tasks using three control groups: a gesture-prohibited, a gesture-allowed, and a 
gesture-encouraged group. Their analysis showed that the gesture-encouraged 
group's performance was enhanced and they solved more problems than the oth­
er control groups. Chu and Kito suggest that gestures "enhance performance on 
spatial visualisation tasks by improving the internal computation of spatial trans­
formations", and that indeed "hand movements play a key role in solving three-di­
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mensional mental rotation problems" (p. 102). This claim is supported by Trafton, 
Trickett, Stitzlein, Saner, Schunn and Kirschenbaum (2006), who report that ges­
tures accompany speech particularly frequently when spatial transformations are 
being described, and especially when it is difficult to describe spatial visualisation 
verbally (Hostetter, Alibali & Kita, 2007). In a related investigation, Mewburn (2009) 
analysed the use of gesture in architectural design discussions. She points to three 
key aspects in which gestures are used:
[1] Explaining and describing architectural composition, [2] 'sticking' spoken 
meanings strategically to representations and [3] conveying the phenom e­
nological experience of occupying architectural space -  the passing of time, 
quality of light, texture and movement (p. 2).
These observations are limited to the role gestures seem to have in conveying spa­
tial concepts. However, representing spatial information is only one function ges­
tures seem to serve. Referring to earlier work by McNeill, Cassell and McCullough 
(1994), Ekman and Friesen (1972), Efron (1972), Kendon (1983) and Krauss, Chen and 
Gottesman (2000), Cutica and Bucciarelli (2011) propose three different categories 
of gestures:
(1) deictic gestures, which are indicative or pointing acts;
(2) representational gestures, which are referring to actions, characteristics, 
relationships, forms or movements, and can be either concrete (iconic 
gestures) or metaphoric gestures;
(3) beat gestures or motor gestures, which are rhythmic or repetitive hand 
movements that do not contain semantic content.
Hostetter and Alibali (2008) emphasise the importance of representational gestures, 
arguing that they arise from an embodied cognitive system and stem from spatial 
representations and mental images. They suggest that "gestures occur as the result 
of simulated action and perception, which are the bases of mental imagery and 
language production" (p. 511).
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Endorsing the importance of gestures in this more general sense, especially in 
design activity, Leifer and Steinert (2011) report that in a study investigating h u ­
m an-com puter interaction amongst designers, the imitation of body language 
significantly improved collaboration, and argue that it is necessary to incorporate 
not only the audio and the visual, but also gesturing in such systems. They do, 
however, not answer as to how exactly and in what ways gestures contributed to 
the collaborative process. Cutica and Bucciarelli (2011) give one possible explana­
tion as to why gestures seem to contribute to better collaboration by reporting that 
"gestures favour the construction of a complete and articulated mental model of 
the discourse by the listener" (p. 173). Another explanation offered is that by using 
gestures, people reduce their cognitive workload and free up resources available 
for other tasks (Alibali and DiRusso, 1999). Gesturing has also been demonstrated 
to help focusing on perceptual and motor knowledge (Alibali, Kita & Young, 2000) 
and to increase the imagery content of conversations (Gyselinck & Tardieu, 1999).
The specific role of gestures in designing has also been investigated by Visser and 
Maher (2011). Identifying that this topic represents a relatively new interest in the 
field of design research, they point to the scarcity of research on gestures in de­
signing. As the two main functions observed in collaborative design situations, 
Visser and Maher identify: (1) rendering of spatial and motion-related qualities of 
design objects, as well as embodying action sequences by mimicking simulation; 
and (2) organising interactions between different participants and functional de­
sign activities like generation, transformation and evaluation.
These findings point to the various ways in which gestures might contribute to the 
non-verbal interaction in design collaboration. But, compared to verbal interaction 
in design processes, only a little is yet understood about the role of non-verbal 
gestures. Identifying this lack in the literature, Mewburn (2009) hypothesises that 
this might be due to the difficulty of studying the meaning of gestures, as they are 
"spontaneous and provisional". However, further complicating their interpretation 
is the fact that gestures are always embedded within a spatial context. By its very 
use, the physical space in which gestures are performed represents its own form of 
non-verbal interaction.
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Use of interpersonal space
Lloyd (2009) argues that "the space between people creates and defines the social 
dynamics of our interactions with others" (p. 297). He suggests that the use of the 
space between participants in a conversation should be understood as an impor­
tant aspect of non-verbal communication in face-to-face meetings. Likening peo­
ple's behaviour in space to a language that can be read and understood, Lawson 
(2001) emphasises:
We use the language of space [...] for many purposes. Through it we can ex­
press both our individuality and our solidarity with others. We can indicate 
our values and lifestyles, allegiances and dislikes. [...] We can communicate 
our willingness or otherwise to be approached, interrupted, greeted and en ­
gaged in social intercourse (p. 2).
Earlier research has demonstrated that people define the space around their body 
as an area into which others cannot intrude without prompting discomfort or 
withdrawal (Hayduk, 1978). Intruding into such an individual space can evoke the 
perception of psychological or biological threat to one's integrity (Horowitz et al., 
1964). Lloyd (2009) argues that, consequentially, emotional and motivational fac­
tors can have an important influence on the use of interpersonal space. Studying 
design students at Stanford University, Leifer and Steinert (2011) observe that "the 
proximity between the people is key for change as it allows transmitting and thus 
learning knowledge through a multitude of channels" (p. 171). In their investigation, 
they posit that "creating proximity can facilitate change and its prerequisite, collab­
oration" (p. 168), illustrating the importance of interpersonal space in collaborative 
design activities. They do, however, leave it open to speculation as to how exactly 
proximity facilitates collaboration.
Answers might be found in the domains of anthropology and psychology, where 
an entire field of scientific investigation has dedicated itself to the research of 'prox- 
emics' -  the study of how people make use of the physical space in the interaction 
with others. In proxemic studies, space is widely being classified into four catego­
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ries (Prabhu, 2010): (1) public space, which defines an area of around 12 ft to 25 ft 
around an individual; (2) social space, which comprises an area of 4 ft to 12 ft; (3) 
personal space, which is about 18 inches to 4 ft; and (4) intimate space, which is an 
area up to 18 inches. Within those spaces, Hall (1978) suggests that eight different 
variables of proxemic behaviour are observable:
(1) Postural-sex identifiers (the influence of postural status and sex identity 
with reference to space)
(2) Sociofugal-sociopetal axis (the position of face and shoulders in relation 
to another person)
(3) Kinaesthetic factor (different touching distances between people)
(4) Touch code (the different kinds of touch between people)
(5) Visual code (the amount of eye contact)
(6) Voice loudness (the volume of a voice in relation to the space)
(7) Thermal code (the transmission of body heat)
(8) Olfactory code (the presence and intensity of breath and body odours)
Prabhu (2010) explains that while not all of these factors are equal in their com ­
plexity or magnitude, a careful observation of them during social interaction allows 
the researcher to "provide significant details regarding the non-verbal aspect of 
communication" (p. 11). When observing proxemic behaviour, Hall (1963) points 
to an important aspect by underlining that "proxemic patterns, once learned, are 
maintained largely out of conscious awareness and thus have to be investigated 
without resort to probing the conscious minds of one's subjects" (p. 1003). While 
this may necessitate a more intricate approach to observing and analysing social 
interactions than when being able to question people directly about their actions, it 
also means that subjects are less able to manipulate their behaviour. Thus, the data 
gathered and analysed in such investigations provides a candid and undistorted 
look at interactions as they are being shaped consciously and subconsciously. Hall 
emphasises that "the very absence of conscious distortion is one of the principal 
reasons for investigating behaviour on this level" (p. 1003).
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In analysing proxemic behaviour, the researcher has to be aware of the fact that 
this behaviour is a property that was learned and adopted within specific cultural 
contexts by the observed. Thus, individual differences in the use of interpersonal 
space have to be accounted for. Hall (1963), for example, recounts the experience 
of alienation of a Chinese person in the United States "when he was faced directly 
and seated on the opposite side of a desk, for this was defined as being on trial" (p. 
1006). Another issue in analysing proxemic behaviour is the systematic and objec­
tive description of what is being observed. To that end, Hall proposes a notation 
system which is designed to facilitate the recording of all eight variables of be­
haviour mentioned above. However, as Hall annotates himself, this system is only 
aimed at analysing "observations of a very limited nature" (p. 1022).
As shown above, the existing literature underlines the importance of non-verbal 
interactions, especially of gestures and the use of interpersonal space, in design 
discussions. Its findings give valuable insight into crucial aspects that influence 
design collaboration at a more intangible level of communication. However, they 
look at proxemics in a rather general perspective and are not specifically related to 
collaborative design processes at all. Thus, they raise the question as to how the as­
pects observed are linked to the actual generation of physical design solutions and 
how they relate to other dimensions of the design process. When collaboratively 
designing, verbal and non-verbal interaction seldom takes place without the use of 
prototypes -  albeit as a crude model hardly recognisable as a design solution, or as 
an elaborately designed concept model. This thesis argues that, in order to better 
understand collaborative design processes, not only the social interactions need to 
be investigated, but also the physical dimensions of designing, especially the use 
of prototypes.
2.2.4 Artefacts in design conversations
The literature documented above shows the importance and the individual aspects 
of both prototyping and the verbal and non-verbal interaction taking place in col­
laborative design processes. However, when recognising designing as a social as 
well as a prototyping activity, it is important to understand the relations between
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these two domains in depth. Despite their crucial role in designing, the existing 
literature does not tell us much about their specific relations.
Luck (2007) argues that only "[i]n conversation and action, a design is realised" (p. 
29), underlining the importance of considering both discussing and producing 
an artefact as one activity called 'designing'. According to Perry and Sanderson 
(1998), when designing, visual representations provide "a common basis through 
which people with different skills and perspectives could gain a common under­
standing of the problems discussed" (p. 283). The way this is accomplished, Perry 
and Sanderson observe, is interdependent: on the one hand, artefacts serve as a 
resource for discussion, while they are, on the other hand, being generated and 
modified through these conversations. Bucciarelli (2002) even claims that we 
should be "extending the scope of language to include artefacts" (p. 219). Empha­
sising the communicative aspect of artefacts, Ewenstein and Whyte (2007) point 
out that "the communicative and interactive properties of visual representations 
constitute them as central elements of knowledge work" (p. 81).
In an observation on a graphic design project, Fleming (1998) reports the occur­
rence of two different kinds of talk: 'object-laden talk' and 'language-laden talk'. In 
the former, the conversation revolves around a design object, or as Fleming puts 
it: "the object leads and language follows" (p. 46). The use of language is relatively 
sparse and it relies heavily on the object. In the latter, the existence of a specific 
design object is assumed and its possibilities explored. This kind of talk includes 
"instances of narration, argument, and application” (p. 46) and is relatively inde­
pendent of the material object. Fleming proposes that these two types of design 
conversations represent poles of a continuum with three different stages between 
them: indexing, constituting and elaborating. By constantly switching between 
those stages, he argues, designers are able to satisfy the conflicting demands of 
solidifying ideas and moving projects forward, on the one hand, and, on the other, 
remaining sensitive to the social situation and adapt in a flexible manner to it.
The importance of artefacts in design conversations is also echoed in Stacey and 
Eckert (2003), who emphasise that:
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[W]hat the senders of communications need to achieve is to supply design 
elements, evaluations and objectives, and impose the correct constraints 
on their colleagues' designing activities, to ensure that they develop shared 
models in appropriate ways, or that the other models they produce are con­
sistent with the senders' own (p. 165).
In an earlier study, Eckert and Stacey (2000) observed that "many characteristics 
of designs cannot easily be expressed in any absolute terms without reference to 
examples and variations from them" (p. 538).
2.2.5 Qualities of artefact-facilitated conversations
There appears to be a close relation between the artefacts produced in design ac­
tivities and the verbal and non-verbal interaction occurring over them. Some even 
observe a more fundamental connection and argue that "from an evolutionary 
viewpoint, there is an entanglement between speech and tools whose roots go 
back to a bipolar technicity found in many vertebrates" (Radford, 2014, p. 406). It 
has also been observed that while artefacts are "a resource for discussion, [...] they 
were also generated and modified through these discussions" (Perry b Sanderson, 
1998, p. 285). However, despite this important connection, there is only sparse lit­
erature on what qualities artefact-facilitated conversations possess:
Factoring in tacit knowledge
Observing design discussions supported by the use of artefacts in an early stage 
of a building's design, Luck (2007) concludes that "users' understanding of the de­
sign was developed in the conversations around the use of artefacts, as well as the 
knowledge that is embedded in the artefacts themselves" (p. 28). This suggests that 
one possible quality of conversations evolving around artefacts is that they foster 
mutual understanding by making knowledge tacitly embodied in objects available 
and negotiable. Luck emphasises this interpretation by advancing that "it was only 
through design conversations [..]., that the artefacts of design became more m ean­
ingful to the users" (p.36).
L i t e r a t u r e  r e v i e w 34
Flexible focus
Another quality that may be associated with artefact-facilitated conversations is 
implicitly being put forward in Whyte et al.'s (2007) observation of the use of 'fluid' 
and 'frozen' artefacts in design conversations. They argue that in design practice 
many different kinds of visual materials are treated as either "fluid, when they are 
altered through the unfolding practice; and frozen, where they are referred to and 
talked about, but themselves remain unchanged" (p. 21). By using design artefacts 
in that way, Whyte et al. observe, designers are able to set the "tempo, beat, pace, 
or rhythm for structuring the social relations for delivery", as well as "the rate and 
direction of knowledge evolution" (p. 26). Thus, by switching between frozen and 
fluid materials, artefact-supported conversations seem to possess a flexible focus 
that allows designers to change the direction and speed of the design develop­
ment in order to stay on track and negotiate different interests of individual parties. 
Hindmarsh and Heat (2000) support this observation by stating that "object-fo­
cused discussions 'knit together' disparate tasks and work in the organization, pro­
viding a momentary hub through which divisions of labour and courses of actions 
are managed and coordinated" (p. 554).
Coping with boundaries
Carlile (2002) identifies three characteristics of effective boundary objects: (1) es­
tablishing a shared syntax or language to represent knowledge; (2) providing a 
concrete means to specify and learn about differences; and (3) facilitating joint 
transformation of knowledge. These features are crucial aspects in successful de­
sign conversations. In an ethnographic study, Holzer (2012) investigated the role 
artefacts played as mediators in talk, observing that "[t]he boundary objects -  the 
stage-gate objects and the designed prototype -  enabled team members to m ain­
tain the boundaries between social worlds while allowing them to cross the frontiers 
in practice-related structures", and that "[w]hile new meanings were constructed, 
the object developed, resulting in an emergent meaning construction process -  
and a new technological innovation" (p. 58). Thus, these findings suggest that an 
important quality of design conversations facilitated by artefacts is that they help 
participants cope with boundaries between 'object worlds' by providing a shared 
language to exchange and jointly transform knowledge.
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2.3 Summary
This chapter has shown that there is a consensus within the design research com ­
munity regarding the distinctive roles artefacts and social interaction play in de- 
signerly ways of solving problems. It also illustrates that while the concept of the 
designer as lone genius still prevails in the public perception of the profession, it 
has very much deserted professional design practice, as ever more complex tasks 
require incorporating the expertise from many different domains. Today, to design 
implies to socially interact. The predominant form of social interaction in collab­
orative design processes is arguably face-to-face meetings. In such meetings, the 
progress of the design solutions developed is negotiated by verbal and non-verbal 
interaction amongst participants.
While the importance of artefacts, and prototypes in particular, in the design pro­
cess has been recognised for a long time now, just how they inform and are in ­
formed by this interaction process is still very much unknown. This chapter has 
summarised the research on the psychological effects of the many variations of 
prototyping, as well as their influence on design outcomes. Prototypes, for exam­
ple, seem to foster a sense of progress in the design process, reframe failures as 
learnings, or strengthen people's belief in their own creativity. They also play a 
crucial role in design fixation, although it is not quite clear what, and they seem to 
inform design processes by their very existence. Yet, very little is known about the 
interdependent role of prototypes in face-to-face meetings. In the past decade, 
conversational aspects of design meetings have received increased attention. The 
relations between both verbal and non-verbal interactions and prototypes, howev­
er, remains very m uch an under-researched area.
It appears that while the importance of these relations becomes more and more 
evident, ever more questions arise from reflecting the findings of the existing re­
search. For example, just how prototypes inform the verbal and non-verbal in ­
teraction between designers, is still an unanswered question. Furthermore, it has 
been shown that the material of prototypes informs design processes, but what role
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exactly does it play in collaborative design processes and their respective social 
interactions? And how can we investigate these roles and relations? Thus, in the 
next chapter, this thesis will look at which methodological approach and which 
methods of design research may enable a better understanding of these relations 
and seem appropriate to answer these kinds of questions.
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3 Methods and m ethodology of 
investigating design processes
The previous chapter has proposed possible directions and guiding questions for 
this thesis's research. This chapter aims to provide the methodological framework 
for systematic research, suitable to answer the questions posed and allowing for 
subsequent research in similar contexts to gain similar results. Design research 
draws upon the methodological approaches from various disciplines. This chapter 
will first briefly digress to review the methodological background and discourse 
which the research design of this thesis has to be mindful of. It then critically 
reviews the different methods that propose themselves for answering the research 
questions posed, and discusses their individual advantages and shortcomings.
3.1 Methodology
3.1.1 Researching design
Cross (1999) states the aim of design research: "Our concern in design research 
has to be the development, articulation and communication of design knowledge", 
but immediately afterwards continues by asking "where do we look for this knowl­
edge?" (p. 5). Herbert Simon's (1969) much-referred definition of design as a process 
of devising "courses of action aimed at changing existing situations into preferred 
ones" (p. 112) gives a clue to the broad spectrum. Cross (1999) suggests three main 
categories of design research: (1) design epistemology (the study of designerly 
ways of knowing); (2) design praxiology (the study of the practices and processes of 
design); and (3) design phenomenology (the study of the form and configuration of 
artefacts). As to how these should be investigated, he argues that design research­
ers should draw upon the methods and methodologies of other fields where ap­
propriate, but only "while building our own intellectual culture, acceptable and de­
fensible in the world on its own terms" (p. 7). Buchanan (2001) emphasises Cross's
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point of view by stating that design research "suffers many misunderstandings [...] 
One of these misunderstandings in the design community is a tendency to think 
that research means a single kind of activity" (p. 17). Seago and Dunne (1999) ask 
whether design research should adopt and adapt methodologies that were devel­
oped in and for other academic disciplines at all, or whether they should develop 
their own methodologies recognising "the distinctive quality of discovery in art 
and design" (p. 11). This led to a search for new methodological research strategies 
specific to design research (Seago b Dunne, 1999; Buchanan, 2001) which persists 
today, and in which tradition this thesis understands itself, too.
3.1.2 Design as a social and an engineering science
Two of the domains that are relevant to the field of design, pointed out by Friedman 
(2003), are the social sciences and the engineering sciences. As this thesis investi­
gates designing as prototyping and social activity, the research traditions of these 
two domains are relevant for its research design. They, however, not only repre­
sent different scientific mindsets, but also are engaged in so-called 'paradigm wars' 
(Robson, 2002). This dispute can be discerned in design research as well; "These 
two scholars [Herbert Simon and Donald Schon] have been the most influential in 
our field, representing positivist and constructivist philosophies, respectively. Si­
mon's positivism leads to a view of design as 'rational problem solving' and Schon's 
leads to a view of design as 'reflective practice' (Cross, 1999, p. 10). Robson (2002) 
claims that; "Essentially, positivists look for the existence of a constant relation­
ship between events [...] However, when people are the focus of study [...] 'constant 
conjunction' in a strict sense is so rare as to be virtually non-existent" (p. 21). Thus, 
he argues to approach studies involving hum an behaviour from a realist's point of 
view, which "provides a model of scientific explanation which avoids both posi­
tivism and relativism" (p. 29), and which holds true that "the task of science is to 
invent theories to explain the real world, and to test these theories by rational crite­
ria" (p. 32). The realist approach, Robson (2002) proposes, advocates using flexible 
research designs using quantitative and qualitative methods.
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3.1.3 From observed practice to observable practices
To adopt a pragmatic, realist's stance, this thesis follows an open approach to var­
ious quantitative and qualitative research methods while remaining mindful of 
the limitations and biases of their individual epistemological justifications. The 
research journey undertaken in the course of this thesis can, in a nutshell, be de­
scribed as moving from observing design activities in practice to focusing on ob­
servable practices in designing. The study first sets out to investigate what practic­
es could be discerned in Swiss design firms. Based upon the findings and insights 
gained, a more controlled approach was used. This approach was chosen in order 
to retain the research's validity for design practice and design theory, as well as to 
improve the construct validity of the methodological approach.
3.2 Methods
Regarding design research methods, Faste and Faste (2012) point out that "the term 
'design research' has become part of the common vernacular in the field of design 
and is increasingly used to describe a myriad of possible approaches, perspec­
tives, philosophies and methods" (p. 1). Laurel (2003) lists nine different kinds of 
design research methodologies: (1) experimental, (2) qualitative, (3) quantitative, (4) 
speculative, (5) experiential, (6) performative, (7) discovery-led/poetic, (8) formal/ 
structural, and (9) procedural. This illustrates not only the broad spectrum of m eth­
odologies and methods available to design researchers, but also the blurring of the 
borders, where it becomes rather opaque as to what methods meet the criteria of 
scientific inquiry. It also indicates the necessity to focus. Thus, this thesis places 
its priority on design methods that have proven themselves to be of value in re­
searching the social interactions in collaborative design processes and in discern­
ing designerly ways of knowing. The methods relevant to this thesis are critically 
reviewed below.
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3.2.1 Current design research methods
According to Cross (1992), as a possible start of the research in design thinking, 
Marples's (1960) pioneering article studying 'Decisions of Engineering Design' 
could be seen as an eminent marker. Since then, a steady growth in the body of re­
search work and methods applied can be recorded. As some of the most frequently 
used, Cross (2006) points out five methods: (1) case studies and observations; (2) 
interviews with designers; (3) protocol studies; (4) reflection and theorising; and (5) 
simulation trials. It seems worthwhile to look at some of the most relevant methods 
for this thesis in more detail.
Case studies
In his early, seminal text exploring the social dimensions of designing, Bucciarelli 
(1994) used the method of case studies to investigate three design projects in depth. 
Case studies are especially appropriate to investigate 'how' and 'why' questions 
concerning particular contemporary phenom ena in context, where the research­
er has little or no control over the subject investigated (Yin, 1994). Multiple-case 
studies allow for a replication of initial experiments, building upon previous ex­
periments, or completing a study by focusing on a specific area not covered yet, 
which allows for greater analytical generalisation (Robson, 2002). According to Yin 
(1994), evidence in case studies may come from six sources: (1) documentation; (2) 
archival records; (3) interviews; (4) direct observations; (5) participant-observation; 
and (6) physical artefacts. A major issue when using case studies is how to achieve 
validity in case study research. Yin (1994) proposes four design tests: (1) construct 
validity; (2) internal validity; (3) external validity; and (4) reliability. Construct va­
lidity may be achieved by using multiple sources of evidence, by establishing a 
chain of evidence, and by having informants reviewing a draft of the case study 
report. Internal validity m aybe gained by pattern-matching, explanation-building, 
and performing time-series analysis. For external validity, Yin (1994) proposes to 
use a replication logic in multiple-case studies. In order to establish reliability, he 
suggests that case study protocols should be used and a case study data base de­
veloped.
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However, the case study method has its shortcomings. Miles (1979, p. 600) claims 
that case study "research on organisations cannot be expected to transcend story­
telling." Campbell and Stanley (1966) put it a little more harshly by stating that "Such 
studies have such a total absence of control as to be of almost no scientific value. 
[...] Any appearance of absolute knowledge, or intrinsic knowledge about singular 
isolated objects, is found to be illusory upon analysis" (p. 6). The main objections 
behind these criticisms are, as Flyvbjerg (2006) points out: (1) the prioritisation of 
context-independent over context-dependent knowledge; (2) the lack of general - 
isability of knowledge from a single case study; (3) case studies are suitable for gen­
erating hypotheses, but not for testing them; (4) their inherent tendency towards 
verification, i.e. their tendency to confirm the researcher's hypotheses; and (5) the 
difficulty developing general theories based upon specific case studies.
For example, Leitner, Innella and Yauner's (2013) study investigating the design 
process in a single case study left the researchers, according to their own account, 
to admit that all that was "left in our mind was doubt" (p. 512). Gathering data from 
interviews and the analysis of artefacts produced over a period of three weeks, the 
authors tried to identify a designer's process employed to a given design brief, but 
only found that the nature of the presentation seemed to have an effect on the cli­
ent's appreciation of the design work. One possible reason for this perceived failure 
to observe the employed process properly might be found in the limited number 
of data sources. No direct observation of the actual design process, for example, 
was conducted, which could cross-reference statements from the interviews. Fur­
thermore, when employing a single case study, time can be a crucial factor and in 
this case a handful of interviews conducted over the duration of three weeks might 
have been too little to actually observe the phenom enon addressed in this study. 
In practice, gaining access to designers willing to invest the amount of time and 
to provide the various data sources needed is a major hindrance of the case study 
method. This was experienced while conducting the first case studies in the earlier 
part of this thesis's research.
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Observation
Observation is often used in case studies to obtain relevant data. Robson (2002) 
distinguishes between two polar extremes when considering direct observation 
as research method: 'participant observation', which represents a qualitative ap­
proach originated primarily in the field of anthropology, and 'structured observa­
tion', a quantitative approach used in a variety of different fields. "Participant ob­
servation", Robson reports "is a widely used method in flexible designs, particularly 
those which follow an ethnographic approach" (p. 310). As a major advantage, he 
emphasises the method's directness, in the sense that researchers do not need to 
ask people about their views, opinions or attitudes, but can instead watch their 
actions and listen to their talk. Agnew and Pyke (1982) articulate this advantage 
aptly "on a questionnaire we only have to move the pencil a few inches to shift 
our scores from being a bigot to being a humanitarian. We don't have to move our 
heavy-weight behaviour at all" (p. 129).
However, Robson (2002) also points to the drawbacks of direct observation. He 
emphasises the major issue of "the extent to which an observer affects the situation 
under observation" (p. 311). Commonly, two counterarguments are being put for­
ward to address this problem. On the one hand, observation might be conducted in 
a way that keeps the observed in oblivion about the observation, and, on the other 
hand, they become accustomed to the presence of the observer in such a way that 
it does not affect their behaviour. However, the logical problem with these justi­
fications is that the researcher cannot be sure of "what the behaviour would have 
been like if it hadn't been observed" (p. 311). Another issue is the time being con­
sumed by observational studies. Classical participant-observation, derived from 
social anthropology, requires the researcher to immerse himself in a 'tribe' for two 
to three years. Robson points to the trend of 'condensed field experience' and more 
structured approaches to observation, which reduce the time needed to conduct 
the study. However, these require increased time investments in preparation of the 
actual observation.
M e t h o d s  a n d  m e t h o d o l o g y  o f  i n v e s t i g a t i n g  d e s i g n  p r o c e s s e s 44
Artefact analysis
Analysing the artefacts used and produced in practice is another important m eth­
od of gathering data in case studies. Design objects can reveal a lot about what 
designers think and what tacit knowledge they possess. Cross (1999) observes that 
"design knowledge resides in products themselves: in the forms and materials and 
finishes which embody design attributes" (p. 6). Norum (2008) states the aim and 
value of artefact analysis more explicitly:
Artefacts become data through the questions posed about them and the 
meanings assigned to them by the researcher. [...] In the process of analy­
sis, we are asking the data to tell us something. An artefact has a story to tell 
about the person who made it, how it was used, who used it, and the beliefs 
and values associated with it (p. 23).
She identifies six different approaches to analysis that can be employed to ques­
tion artefacts: (1) content analysis, (2) discourse analysis, (3) document analysis, (4) 
historical analysis, (5) narrative analysis, and (6) semiotic analysis. However, she 
also points to a possible shortcoming of artefact analysis: "There is no one right 
way to analyse artefacts. A wide range of disciplines informs the analysis of arte­
facts, including anthropology, archaeology, art history, history, hum an geography, 
ethnography, and sociology" (p. 23). There is no universally agreed way to analyse 
artefacts, which makes it more vulnerable to subjective interpretation of the re­
searcher.
Expert interviews
One of the most traditional research methods is interviewing experts in the field. In 
design research, these usually focus on designers who have achieved some degree 
of expertise or well-established practice. Cross (2006) notes that, in the past, such 
interviews have aimed mainly to record the designers' own reflections about their 
processes and procedures in an unstructured way. Lawson (1994), as well as Cross 
and Clayburn Cross (1996), are examples of expert interviews in design research. 
The shortcomings of this method seem mostly in the way it relies on the inter­
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viewees' personal and subjective thoughts about their design practice. This reli­
ance does not allow for an objective representation of design processes and pro­
cedure, but instead records the possibly idealised view of how designing should or 
could be performed. Experts were interviewed at the very beginning of the research 
for this thesis. While they did provide valuable first insights into the opinions and 
thoughts of the practising designers, they quickly proved to be a means not suited 
to investigate the emerging research question in more depth.
Protocol analysis
The 1994 Delft protocols workshop marked "something of a landmark in design 
thinking research" (McDonnell b Lloyd, 2009, p. 1). Having filmed designers at Xer­
ox PARC solving design problems, this workshop focused on a specific research 
method, the protocol analysis. The basic assumption behind protocol analysis is 
that participants can be instructed to verbalise their thoughts in a m anner that does 
not alter the sequence of thoughts mediating the completion of a task. Today, the 
method has become a primary tool for design researchers (Sarkar & Chakrabarti, 
2013). However, for its focus on verbalisation, protocol analysis has been critiqued 
(Jiang b Yen, 2009). As Schon (1983) pointed out, the 'language of design' consti­
tutes itself through tightly connected verbal and non-verbal elements. Some even 
suggest that "visual thinking is more crucial than symbolic thinking in designing 
processes" (Jiang b Yen, 2009, p. 1).
Protocol studies may be a well-established research method of design thinking 
and continues to contribute much to the field, but its specific drawbacks have to 
be considered when being employed. Goldschmidt (2014) names the most im por­
tant: (1) protocol analysis only offers a partial picture of the thinking processes by 
relying on concurrent verbalisation; (2) it is hard to discern the units of analysis 
as they are often incomplete or not coherent; (3) reaching inter-coder reliability 
is very laborious, as, for example, verbalisations are often ambiguous, and thus 
interpreted differently by individual coders. Goldschmidt notes that it is well suit­
ed when looking at processes aimed at solving well-defined problems, but less so 
when investigating processes aimed at solving ill-defined problems: for example,
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design tasks. Furthermore, when reflecting on the outcomes of the 1994 Delft pro­
tocols workshop, Goldschmidt concludes that "among the most important lessons 
learned from this concentrated effort was that protocol analysis is not well suited 
for long episodes" (p. 37).
Its focus on concurrent verbalisation limits the protocol analysis's perspective on 
collaborative design processes rather severely. This thesis aims to answer the re­
search question of how different types of prototypes contribute to collaborative de­
sign processes, particularly the 'quality' o f verbal and non-verbal interaction. Al­
though protocol analysis offers an intriguing means to gain insight into design 
activities, especially its implicit neglect of the non-verbal dimension of design, 
collaboration appears to be too limiting for this research.
Others have addressed these limitations as well. In the decade after the Delft pro­
tocols workshop, McDonnell and Lloyd (2009) observe a tendency of research into 
design thinking to broaden the scope of what was regarded as design activity. In­
creasingly, they point out, "social aspects of design thinking were being em pha­
sised; one trend was towards paying attention to the way that designing occurs 
between people trying to reach a common goal, rather than on individual design 
problem solving" (p. 2). Accordingly, McDonnell and Lloyd report that a "wide va­
riety of approaches used to look at designing in context [...]: interaction analysis, 
computational linguistics, viewpoint methodologies, semiotics, ethnography, 
functional linguistics, cognitive ethnography, and discourse analysis" (p. 2). This 
tendency indicates the need and search of design researchers for new research 
methodologies that suit the more social focus of their research inquiries better 
than protocol studies do.
Linkography
Building upon the traditional protocol analysis as well, but trying to gain a deep­
er understanding of the design process than what could be drawn from protocol 
studies, Goldschmidt (2014) developed a new methodology called 'linkography'. 
Essentially, it allows one to "notate design moves and the links among them" (p. 53)
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in a kind of modified matrix representation. This form of graphic notation, called 
a 'linkograph', was chosen by Goldschmidt, as it is better suited to "emphasize the 
idea of links as nodes rather than connecting lines" (p. 53).
It was first presented in 1990, but continually developed further to its present state. 
In its fundamental orientation, the methodology aims at investigating how the 
convergent and divergent modes of design thinking lead up to a design synthe­
sis. It does so by making the links between different design moves visible. Design 
moves are defined as "brief acts of thinking, lasting around seven seconds" (p. 47). 
Taken together and viewed as a sequence of moves, they constitute the design 
process. As sequences, these moves form a continuum or pattern of links. As links 
are being defined depending on the contents of each individual design move, dis­
cerning them takes practice and a good grasp of the discipline as well as the spe­
cific design episode. Goldschmidt (2014) emphasises that: "Deciding whether two 
moves are linked is done by using common sense under the condition of good ac­
quaintance with the discipline and with the design episode in question" (p. 47). The 
methodology differentiates between three types of moves: (1) orphan moves, (2) 
unidirectional moves, and (3) bidirectional moves. A special class of moves is being 
identified as 'critical moves'. These are characterised as design moves with particu­
larly numerous links. Orphan moves, as counterpart to critical moves, do not have 
any links. Typically, they represent thoughts and ideas that are not followed up. 
Goldschmidt (2014) notes that orphan moves seem to occur more frequent when 
designers are novices, as experienced designers may be able "to anticipate the 
implications of their moves for longer stretches of future probable moves" (p. 57). 
Unidirectional moves are only linked to either a previous or a prospective design 
move. They imply that the designer had been reflecting on what was discussed or 
developed up to the instant of the move, or that the focus was on new thoughts not 
connected to what was negotiated up to this point. Bidirectional moves have both 
links to both previous and prospective moves. Thus, they seem to take up what had 
been proposed in previous design moves, but also bring in new ideas into the de­
sign process. According to Goldschmidt, in a typical design episode, close to two- 
thirds of all design moves tend to be bidirectional. When experienced designers are 
involved, the average can be a little higher.
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The methodology also identifies different link patterns. 'Chunks' are being char­
acterised as distinctly discernible triangles of links, usually comprising twelve to 
twenty-four design moves. Typically, they represent "a cross-examination of rel­
evant properties, related questions, and possible implications of a design issue" 
(Goldschmidt, 2014, p. 63). A 'web' is the formation of relatively few design moves 
with many links between them. This link pattern is the record of "a brief and inten­
sive passage of a few moves in which a certain issue is very thoroughly inspected 
and its aspects are woven together to make sure they are in agreement with one 
another" (p. 65). 'Sawtooth tracks' are being built when each design move only links 
to the preceding one. It is thought that they occur when "the thinking at that point 
is very linear -  one thing leads to the next, and each move reacts to what was just 
said or done, without a more holistic view" (p. 65). Another characteristic of links is 
the link span. Long link spans imply the connection of design moves over a longer 
period of time, meaning minutes: in some extreme cases, hours. The assumption 
is that, due to the limitation of the working memory, design moves connecting 
over a longer time are being deemed important by the designers.
Overall, the linkography, provides a very valuable and powerful tool to unveil de­
sign processes. It allows one to look in-depth at how they unfold in their particular 
moves. With classifying individual design moves as well as patterns, researchers 
can gain a better understanding not only of the individual segments of the de­
sign process, but also when and how particularly important ideas seem to emerge. 
However, it is somewhat detached from the physical activity taking place in design 
processes. The design moves are elicited mainly based upon the verbal interaction 
between designers. But there are more dimensions to the interaction in collabora­
tive design processes. While the method does not exclude non-verbal interactions 
as design moves per se, it does not provide a structured way to observe and cat­
egorise non-verbal interactions as design moves, nor does it offer a possibility to 
distinguish the nature of individual design moves.
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Charting design processes
Visualising design processes and aspects of designing is not a new  attempt. In 
the Delft protocols workshop, for example, different approaches were taken to 
that end. Goldschmidt's (1996) linkographs, showing how  the individual moves 
appear in sequence and how  they are linked to each other (Figure 1), represent
only one route inspired by the Delft protocols workshop.
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Figure 1: Goldschmidt's (1996) linkograph, visually representing the linkage 
between individual 'design moves'.
Radcliffe (1996) followed the spatial focus of the observed team 's activities. He 
plotted the instances w here the team  was focusing on individual 'work loci' along 
the timeline, recording w hen they were working on the whiteboard, the artefact, 
sketches, and docum ents (Figure 2).
Whiteboard
Artefact(s)
Sketches
Documents
200 40 80SO 100 120
Time {min)
Figure 2: Radcliffe (1996) recording the different 'work loci' of the observed 
team's activities along a timeline.
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Cross (2006, p. 70) reports Gunther, Frankenberger and Auer's (1996) study (Figure 
3), w hich charted protocol statem ents along a timeline, assigning each statem ent 
to one of three categories ('clarifying the task', 'searching for concepts', 'fixing the 
concept').
■ ■ ■ ■  ■  a i i i  i i i ■  i clarifying the task
■  m u m h i  mm i i searching for concepts
fixing the concept
0 10 20 30 40 50 60 70 80 90 100 110 120
tim e [rtiin]
Figure 3: Gunther et al. (1996) plotting protocol statem ents along 
a tim eline assigning each statem ent to one of three categories.
In a similar attempt, Mazijoglou, Scrivener and Clark (1996) recorded the verbal 
statem ents, or the 'discourse production', of the team  m em bers (Figure 4). The 
statem ents were categorised in one of six aspects of the discourse (problem, 
solution, constraint, require, inform, and process).
120
Problem110 Solution
Constraint
Require
100
90
80
60
40
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20
2 73 6 8 121 5 94 1 0  11
T i m e
Figure 4: Mazijoglou et al. (1996) study recording the num ber of verbal statem ents and 
categorising them  into six different aspects of the discourse.
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AU of these attempts to visually analyse design processes are valuable tools for 
design researchers. However, they still offer only a partialised view, not suitable 
to answer this thesis's research question, addressing the role of different types of 
prototypes in collaborative design processes.
Experiments and simulation trials
Robson (2002) labels experiments as "the prime example of a fixed research de­
sign" (p. 110). An experiment is a precise, focused research tool and requires a large 
amount of preparation as well as an exact understanding of how the research is 
going to be performed. Employed outside of a laboratory, this often places sig­
nificant barriers to their effective use. Particularly when considering randomised 
controlled trials as the 'gold standard' in performing experiments, their contribu­
tion to the investigation of social aspects is subject of controversy (Robson, 2002). 
However, controlled experiments have been used in design research successfully 
(for example, Kokotovich b Purcell, 2007; Dow et al, 2009; Dow et al, 2010; Dow 
et al, 2011; Cash, Hicks b Culley, 2013). In fact, Cash et al. (2013) report that in 2011 
one-quarter of the articles published in the peer-reviewed journals 'Design Studies' 
and 'Journal of Engineering Design' used experimental studies. Investigating the 
relationship between design being researched in laboratory- and practice-based 
settings, Cash et al. report that, indeed, "laboratory studies are important research 
tools and that clear and definable relationships do exist between design activity in 
practice and the laboratory" (p. 575).
3.3 Summary
The design research methods described in this chapter have proven to be valua­
ble when looking at individual aspects of design processes. Traditional methods 
like protocol analysis or content analysis have produced fundamental insights into 
how designers work. New methods, like linkography, enhance our understanding 
of design activities in novel and auspicious ways.
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Despite their indisputable contributions, these methods have significant draw­
backs. Protocol studies focus heavily on verbal interactions, leaving out many 
dimensions of social interaction, and seem to be suited only for analysing short 
instances of designing. Case studies often offer not m uch more than anecdotal 
evidence, seem to have the tendency to validate the researchers' hypotheses, and 
are generally harder to draw generalisations from. When using an observational 
method -  apart from being very tim e-consum ing -  the data might be distorted 
by the observational act itself, i.e. the observer influences the observed situation. 
When analysing artefacts, one must be aware that they often are mute: thus the 
inferences drawn by the researcher must be carefully reflected in context, so as 
not to reach any conclusions that are not supported by the object itself. By offering 
an abstracted perspective on the design process, linkography detaches the obser­
vations from the actual design work and dismisses many dimensions relevant to 
the design process. Expert interviews are often compromised by the interviewees' 
subjective thoughts and what seems to be socially desirable in the context of the 
interview.
There are a lot of methods available to the design researcher. Many have proven 
to be very valuable and led to important insights into the act of designing. How­
ever, they only seem to offer a partial view of the design process. By singling out 
individual perspectives and thus allowing for a more abstract and clearer view on 
the data, they provide only a limited picture of what actually happens when people 
design. What appears to be missing is a way to obtain a more comprehensive and 
integrated picture of the design process incorporating those methods. The next 
chapter looks at how a new method enabling such a more holistic picture of the 
design process has been developed in the course of the research for this thesis.
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4 Studies of practice and 
pilot studies
The previous chapters have shown the importance of prototypes and social 
interactions, proposed in the existing literature, as well as a methodological lack in 
design research inhibiting a comprehensive picture of the design process. Thus, 
this thesis set out to develop a new method to enable such an integrated perspective. 
In this chapter, the way leading up to the definition of the new approach will be 
described, starting with the studies investigating design practice and moving to 
testing a more controlled experimental set-up in the pilot studies.
4.1 Studies of practice
The research journey undertaken led from observing design activities in practice 
to focusing on observable practices in designing. Initially, this thesis set out to ob­
serve how designers actually work in their everyday practice. In the early phase of 
investigating designing in practice, different research methods were used to gain a 
comprehensive picture of the activities observable in design practice. The main fo­
cus of these inquiries has been to gain a better grasp of what aspects of the design 
process seem to matter most. In their sequential move from exploratory to focused 
perspectives, the studies conducted have tried to narrow down the multitude of 
possible design aspects worthy of further investigation.
4.1.1 Exploring expert opinions
In a first attempt to identify relevant classifications and future routes of inquiry, ex­
pert interviews were used to explore the views and assumptions of expert design­
ers. Five interviews were conducted with the creative directors of an embroidery 
company, a graphic design studio, and an industrial design firm, as well as senior 
consultants of an experience design consultancy and a senior researcher at an ac­
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ademic research group. The interviews were set up as semi-structured interviews. 
As Robson (2002) suggests, the interviews' questions were predetermined. They 
concerned the following topics: inspiration, process, trends, culture, prototyping 
and collaboration. The interviews were audio-recorded and transcribed for further 
analysis. In a first step, the interviewees' statements have been grouped together 
in predefined categories and written out for better readability. The interviews were 
employed as exploratory work, identifying important topics and activities in design 
practice. The interviews proved to provide a flexible means to discern specific fields 
of interest. However, expert interviews also have their limitations. As a researcher, 
it is hard to tell whether interviewees will just say the things they like themselves to 
hear and that they believe to be important, or whether they actually recount what 
is the case. This might well distort the view of how things actually are. Researchers 
then seem to be well-advised to use this method as an approximation and see the 
results for what they are, verbalised beliefs, opinions and perceptions of the inter­
viewees. As such, these interviews suggested the importance of prototypes, collab­
oration and inspiration in design practice. The creative director of the embroidery 
company, for example, pointed to their vast archive of historic designs as a major 
source of inspiration and design direction. The consultants of the experience de­
sign firm highlighted their interdisciplinary team collaboration as a crucial factor to 
their work. The graphic and industrial designers pointed to their use of prototypes, 
possessing the critical "power of the real".
However, the interviews were not informative regarding the minutiae of design­
ing. Exactly what kind of prototypes were used and how? When were they used in 
what way to what purpose? How and where did collaboration take place formally 
and informally? What kind of collaboration took place when and how? To answer 
these questions, observing design activities in practice seemed the next logical 
step to gaining a better understanding of the design process.
4.1.2 Observing designing
"As the actions and behaviour of people are central aspects in virtually any enquiry", 
Robson (2002) reports that "a natural and obvious technique is to watch what they
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do, to record this in some way and then to describe, analyse and interpret what 
we have observed" (p. 309). He differentiates between two classes of observation­
al methods: formal and informal. Informal approaches are characterised by a low 
degree of structure and allow the observer freedom in what kind of information is 
obtained and recorded. Formal approaches, on the other hand, specify to a large 
degree what is being observed. Robson points out that the latter achieve high re­
liability and validity, but do so at the cost of losing complexity and completeness 
compared to informal approaches. Therefore, different kinds of observation were 
conducted at a graphic design studio, an industrial design firm, a research group 
at Princeton University, an interaction design company, and an experience de­
sign consultancy. The results have been published in the proceedings of the IASDR 
2011 conference in Delft, Netherlands (Peter, Schadewitz b Lloyd, 2011), and are 
recounted here in an adapted version.
At the graphic design studio, the dimensions proposed by the contextual inquiry 
approach according to Beyer and Holtzblatt (1998) were observed and recorded. 
Beyer and Holtzblatt propose contextual inquiry to "make unarticulated knowledge 
about work explicit" (p. 37) in order to reveal hidden work structures. The dim en­
sions being observed included: (a) work flow, (b) sequence, (d) artefacts, (c) culture, 
and (d) physical environment. Of the observations, a spatial layout map and photo­
graphic records were made for further analysis (Figure 5 and Figure 6).
The spatial layout map of the graphic design studio (Figure 5) reflected the impor­
tance of collaboration and prototypes. The alignment of the computers, allowing 
easy communication with each other and to see what is on a colleague's screen, as 
well as the space occupied by the collaborative workplace and the meeting table, 
indicated a very collaborative work setting. In addition, the collaborative workplace, 
as well as the cutting and glueing workplace, suggested that prototypes play an im ­
portant role in the designers' everyday work practice. A third observation revealed 
how the designers were incorporating inspirational aspects into their work space. 
A library, with an armchair for reading, provides a source of inspiration. Artefacts 
could be observed on the walls and shelves that would serve as an inspiration.
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Figure 5: Representation of the studio space at the graphic design studio as 
part of a contextual inquiry.
The photographic archive corroborated the observations m ade in the spatial layout 
map. Figure 6 shows a few pictures taken from the archive, illustrating the obser­
vations made, especially regarding the role of prototyping and inspiration in the 
graphic design studio.
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One corner of the bookself is reserved for the A small space w ithin the bookself is designated 
book collection. for cutting or glueing prototypes.
A large table serves as a collaborative space and to store paper samples, as well as large-scaled 
posters.
Visual stimuli are being displayed on the walls.
Figure 6: Sample excerpt of observations made at the graphic design studio as part of a contextual 
inquiry.
A similar approach was used to observe design practice in an industrial design 
firm. In several visits, the spatial settings, artefacts, work flows and culture, as well
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as a design meeting, were photographed and video-recorded (Figure 7 and Figure
8). The observations resulted in a photographic image archive which was analysed 
later.
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and work
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Book
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C om ­
puter
Stand-up table/ 
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Metal- and w ood­
work m achines
Foyer
Storage space
Figure 7: Representation of the studio space at the industrial design agency as part of a contextual in ­
quiry.
The observation regarding the im portance of prototyping at the graphic design 
studio is even more em phasised at the industrial design studio. The com bined 
workshop and cafeteria space occupies half of the entire space. Space for collab­
orative work -  be it informally at the stand-up  table in the workshop, or m ore for­
mally in the conference room -  takes up a major part of the square footage.
The photographic archive reflected these observations (Figure 8). Particularly the 
im portance of prototypes to the work in the industrial design studio becam e ap ­
parent, with m any prototypes and materials being either displayed in the confer­
ence room or stored and awaiting further work in the workshop space.
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Figure 8: Sample excerpt of the image archive produced during the visits at the industrial design 
agency.
In order to structure the observations made in further analyses, a prototyping-cen­
tred working model of design activity was devised to categorise the findings along 
four m ain topics: culture, com m unication, conception and coordination (Figure
9). It focused on prototypes, as the observations m ade up to this point em phasised 
their crucial role in design practice. It did so by identifying four dimensions: (1) 
how  their role and use are influenced by cultural aspects; (2) how they support 
com m unication; (3) how they are conceived; and (4) how their development is 
coordinated.
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Figure 9: Prototype-centred working model devised to help categorising the observations' findings.
At the experience design consultancy, the process and m ethods as well as the phys­
ical space were recorded in detail. In interviews, first the core routine the com pany 
uses w hen working on an assignm ent was obtained (Figure 10).
Set up 
Understand 
Create 
Validate b Assess 
Focus 
Transfer
(delegate to .Concept': 
Yes. No.)
Set up 
Understand 
Focus 
Create 
Verify 
Transfer
Figure 10: Depiction of the core routine obtained in interviews with senior consultants at the experi­
ence design consultancy.
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As in the other studies at the design agencies, photographic field notes were tak­
en, with a specific interest in how the designers use physical space and what tools 
and artefacts could be observed being used (Figure 11). The objective was to gain 
an overview of the tools and m ethods with a special focus on the creative process 
phase. Furthermore, different dim ensions derived from the previously defined p ro­
totyping-centred model of design-driven innovation were explored.
In contrast to the observations at the graphic and industrial design studio, pro­
totypes in a strict sense were very sparse. The use of Post-it notes as well as flip 
charts, however, was pervasive. W hen interviewed, the consultants reflected on 
their culture as being rather analytical, logic-driven and factual. They see th em ­
selves more like smart problem-solvers than creative idea generators. In a way, the 
term  'experience design agency' m ight be som ewhat less appropriate to describe 
their work than 'experience analysis agency'.
Figure 11: Unstructured field observations were recorded photographically for later analysis.
A different approach was chosen to analyse design activity at an interaction design 
com pany. The com pany broadcasts a live w ebcam  feed on their website (Figure 
12). The design activity displayed in this feed was, in a form of covert observation, 
video-recorded and analysed in repeated viewings. This was done by looking at 
the proportion of time spent in activities that could be classified as 'discussion'
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during the entire two and a half-hour period of the observation, and allowing for 
the gathering of naturally occurring data in design practice w ithout influencing the 
observed designers.
This observation revealed the collaborative nature of the work being done at the in ­
teraction design studio. Being a com pany that provides digital design solutions, the 
prototypes seem ed to be limited to the designers' individual com puter screens. In a 
way, prototypes were less pervasive in a spatial sense than observed at the graphic 
and industrial design studios. However, the webcam  feed showed the im portance 
of informal discussions throughout the design process, as the designers spent up 
to one-third of their time in conversation.
Figure 12: Video feed obtained from a w ebcam  installed at the interaction design studio.
In order to look at creative and innovative processes from a m ore general perspec­
tive, a study outside the design discipline was conducted. At a research group at 
Princeton University, an observational study could be conducted collecting im ages 
of the tools used, artefacts produced, and the physical environm ent within w hich
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the research is located. The aim was to portray a typical research activity being 
executed by a research group. As in the studies before, a photographic archive was 
produced for later analysis (Figure 13).
Figure 13: Samples of the visual field notes taken at the research group at Princeton University.
The work done by the researchers could be well described as creative and, to a 
degree, as visual. However, their primary m eans of collaboration was found in 
the form of written articles, mathem atical formulas and program m ing code. Their 
m ain aim -  in the project observed -  was to better understand and m easure a ge­
ophysical phenom enon, and to apply and test a specific theory to the solution of 
this problem. Thus, their way of solving problems features some characteristics of 
the designerly ways of knowing as proposed by Cross (2001), although it seem ed 
m ore problem -focused and concerned with theory testing than designing an ap ­
propriate solution.
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4.1.3 Analysing artefacts
Particularly in the studies conducted at the industrial design company and the 
graphic design studio, artefacts could be photographically documented and ana­
lysed. Just as Norum (2008) suggests that "Artefacts can be used to support or chal­
lenge other data sources" (p. 24), the data gathered from questioning the artefacts 
themselves as well as their context was used to cross-reference individual insights 
with other data sources, i.e. interviews and observations.
Analysing the artefacts proved to be particularly interesting, as 'prototype-rich' en ­
vironments were found at both the industrial design company and the graphic 
design studio. Both emphasised that using the 'real' materials provided them  with 
more insight and inspiration than when just designing on the computer screen. 
The artefacts reflected this approach, and their use in design discussions corrobo­
rated their importance in design collaboration. Their different forms and types also 
indicated that they were used for different purposes during the design process.
However, most of these observations on the artefacts themselves were taken som e­
what out of context. In order to analyse them with more knowledge about their us­
age in the process, in the Princeton study the tools used were noted alongside the 
individual steps of the process and the form of collaboration taking place (Figure 
14). This allowed for a look at the artefacts with more understanding in regard to 
their place in the design process, or, in this case, the research process.
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Figure 14: Depiction of the process being employed by the research group alongside the individual 
tools and forms of collaboration.
4.1.4 Prototyping in the design process
Through close observation of the studio spaces, one of the most distinctive fea­
tures of design work revealed itself: prototypes can be seen throughout all offic­
es and workshops. In particular at the industrial design company, but also at the 
graphic design studio, this characteristic is striking. What could be described as a
67 A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
'prototype-rich' environm ent dom inates the workplace of the designer (Figures 15- 
17). The need for physical em bodiment, w hich is evident throughout the studio's 
workshop, is em phasised by the designers, especially w hen considering the tacit 
knowledge that prototypes embody.
Figure 15: 'Prototype-rich' environm ent in an Figure 16: 'Prototype-rich' environm ent in a work-
office at a Swiss industrial design firm. shop at a Swiss industrial design firm.
m m
Figure 17: 'Prototype-rich' environm ent in a Swiss 
graphic design studio.
The im portance of prototyping in the context of design practice was evident. In 
design practice, prototypes come in m any variations. The shiny object being u n ­
veiled by its designer in front of an expectant crowd, that is so often associated with 
design, is only the culmination of m any iterations of prototypes. In design studios, 
different kinds of prototypes can be seen. Very rough models are used to quickly 
test and improve functional features. More refined models are being used to assess 
different aesthetic qualities of an artefact.
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The industrial designers observed em phasised moving quickly from drawing de­
sign sketches to producing rough prototypes with the specific materials intended 
to be used in the final design solution. Eventually, they will devise detailed plans 
and renderings using CAD -  mainly for representational purposes or testing spe­
cific layouts -  but, especially in the early design stages, they rely on rough proto­
types (Figure 18). The same approach can be observed in a graphic design studio. 
While the designers would later on work out their final design of a book using 
professional layout software, the designers used a paper prototype to develop the 
design concept (Figure 19).
Figure 18: Rough prototype of a chair used in the Figure 19: Early conceptual book prototype at a 
early conceptual phase of the design process. Swiss graphic design studio.
Within the design process at the industrial design studio, the use of different types 
of prototypes is em phasised in individual development stages but not restricted 
to them  exclusively. Usually, the workflow's process and structure at the studio 
are defined upfront in every project, with the m ain phases splitting into: (1) initial 
research about the problem; (2) briefing with the client; (3) deepening the research; 
(4) defining the problem; and (5) refining the prototypes. Sketches and prototypes 
are used from the very beginning of every project. According to the designers, 
quickly moving from sketching to prototyping would allow them  to experiment 
widely with different materials and to gain initial insights from these experiments. 
Sketches are used mostly in an early, individual reflection phase and to store first 
design ideas. Figure 20 depicts an early 'thinking sketch' (Ferguson, 1992), and 
Figure 21 a 'storing sketch' (Van der Lugt, 2005).
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Figure 20: Example of early 'thinking sketches'. Figure 21: Collection of early 'storing sketches'.
Referring to the ways prototypes are employed, the designers drew a strong 
distinction between 'function prototypes' (Figure 22) and 'style prototypes' (Figure 
23) (Peter, Schadewitz b Lloyd, 2011). The first aims to test a functional feature of a 
possible design solution, while the latter investigates aesthetic properties.
Figure 22: 'Function prototype' used to quickly Figure 23: 'Style prototype' used to assess different 
test a functional feature of a product. aesthetic qualities of a product, like proportion.
However, this distinction was difficult to discern in practice. Figures 24 and 25 
show prototypes w hich seem  to be abstract studies in style at first glance. Yet, once 
one realises that these are prototypes for a lounge design, it becom es evident that 
there are functional elements em bodied in them  as well: for example, the explora­
tion of structural features of the particular lounge arrangem ent.
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Figure 24: Lounge design prototype. Figure 25: Samples of different stitching techniques
with lounge forms.
A variety of different purposes for w hich prototypes served could be observed in 
the design process: prototypes showed specific functionalities, represented shapes 
or forms, tested stability, proved that they could be m ass-produced or served to 
present a design solution to clients etc. Individual prototypes could converge all of 
these aspects or focus on a specific purpose. An example for the latter represents 
Figure 26, a functional prototype testing the stability of a hall stand design.
Figure 26: Functional prototype made to test the 
stability of a hall stand design.
This example illustrates how different types of prototypes are used and evolve in 
design practice. Once the designer found a solution for the stability problem, a 
m ore refined and elaborated m odel was built. This model incorporated not only the 
design solution addressing the stability issue, but also other functional problems, 
such as the joining of the individual elements. However, it represented not only
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functional solutions, but also stylistic reflections, for example by using the actual 
material intended to be used in production and by articulating the shapes of the 
elements (Figure 27).
/
Figure 27: Refined prototype incorporating dif­
ferent functional and stylistic aspects of the design 
solution.
Stylistic prototypes were widely used in the observed design practice. Figure 28 
shows prototypes that reflect on different effects and appearances of materials. 
These examples are m eant to illustrate how  the type and colour of a fabric influence 
the overall appearance of a chair. These prototypes allow the designers to explore 
the interrelations between functional aspects of the design and the aesthetic effects, 
and to subtly develop the structural steel frame as different materials were tested.
Figure 28: Style prototypes showing the aesthetic 
effects of different kinds of fabrics.
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Many of the prototypes used could be classified according to the typologies 
suggested by Budde, Kautz and Kuhlenkamp (1992), Sommerville (1995) and Ullman 
(2003). Figure 29, for example, depicts an example of Ullman's (2003) category of 
'proof-of-production ' prototypes. The studio's owner pointed out the im portance 
of such prototypes, explaining that "when the building of the prototype is a tedious 
and difficult work, chances are that the production of the final product will be too."
Figure 29: Proof-of-production prototype.
A prototype extrusion for a lamp, as show n in Figure 30, illustrates Yang's (2005) 
observation of simpler design solutions leading to more successful outcomes. 
The prototype for a light fitting consists only of two parts and uses gills as cooling 
elements. This solution allows, on the one hand, for a better heat distribution, and 
thus a longer lifespan for the LEDs, and, on the other hand, to give the user tactile 
and implicit inform ation about the ways in w hich the lamp operates.
Figure 30: A prototype for a light fitting using only 
two parts to achieve the desired design solution.
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The prototypes described above fit most closely with Ullman's (2003) typology, 
distinguishing between proof-of-concept, proof-of-product, proof-of-process 
and proof-of-production. Much thought is given to the kind of prototype and its 
form when presenting design solutions to clients. Occasionally, rough prototypes 
are presented deliberately to set the focus of discussion and to leave space for 
imaginative interpretation. At other times, refined prototypes set within their 
contexts of use are shown, communicating a final design solution in a more precise 
manner. This illustrates that prototypes can be employed effectively to set the 
frame of conversations with clients by judging in advance the kind of discussion 
the designers want to have in order to solicit the information needed for further 
design steps.
4.1.5 Discussion in the design process
As prototypes seem to permeate all offices and workshops, it is no surprise that the 
designers interviewed report that they often ignite informal conversations as well. 
Pointing to a specific capacity of prototypes, one designer emphasised that they 
possess the "power of the real" as well as being "playful and sensual", enabling them 
to facilitate richer discussions than when relying solely on more abstract media like 
sketching -  themes that are echoed by Brown (2009).
While the designers at the industrial design firm use different kinds of media, such 
as research documentation, project brief, technical documents and brochures, the 
main focus of their discussion revolves around prototypes. Different kinds of pro­
totypes were used when talking about a specific design concept. The discussion 
was shaped by the individual artefact's qualities but switched between different 
aspects of the design solution. The feasibility of specific aesthetic considerations, 
for example, was discussed using a functional prototype, and vice versa, functional 
aspects were explored using style prototypes. Additional information was pulled 
during the conversation from texts and sketches, to investigate different aspects of 
the topics discussed in more detail (Figures 31 b 32).
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Figure 31: Talk occurring during a design discus- Figure 32: Discussion of aesthetic properties of a 
sion led by different types of prototypes. design solution on a functional prototype.
The im portance of design discussions could also be observed in the interaction 
design firm. Investigating the role of design discussion in the design process in 
more depth, a w ebcam  video obtained from a website feed of the interaction de­
sign studio was used (Figure 33). The video, lacking any audio recording, was a n ­
alysed focusing on the design activity that could be observed. This was done by 
looking at the proportion of time spent in an activity that could be obviously clas­
sified as 'discussion'. A period of two and a half hours was observed.
Figure 33: Observational study using a live-stream ing webcam.
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While the work environm ent could m uch less be described as a 'prototype-rich' 
environm ent, in the sense that few models and objects were inhabiting the work 
place, conversations took place frequently and in different forms (Figures 34 b 35).
Figure 34: Discussion between designers in Figure 35: Casual talk held between the desks.
front of a com puter screen.
The analysis of the video feed of the webcam  installed at the interaction design 
firm showed that designers spent almost 40 percent of their time discussing their 
work (Table 1). While different kinds of discussion could be identified, like conver­
sations led without leaving one's desk -  indicating a less formal discussion -  or 
participants gathered around a com puter screen, the com parison of the time spent 
discussing and working silently was revealed, too. The designers' decision to invest 
more than one-third of their observed working time in conversation points to the 
conclusion that discussion is an im portant and integral part of everyday design 
activity.
Type of Discussion Duration Proportion of Time
Between two people in front of computer screen 27 Min 15 sec 18.3%
Between three people in front of computer screen 2 Min 32 sec 1.7%
Between two people from their desks 19 Min 30 sec 13.1%
Between three people from their desks 6 Min 40 sec 4.5%
Between two people at one desk 3 Min 28 sec 2.3%
No discussion 1 Hour 29 Min 60.1%
Total Observation Time 2 Hours 28 Min 100%
Table 1: Different forms of discussion observed (Peter, Schadewitz b  Lloyd, 2011).
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Discussions and roles
One way to interpret the results obtained is to see the form and frequency of 
discussions indicating different roles performed by the designers observed in the 
studio. The designer at the desk in front of the frame appears to hold some sort 
of supervising function. The two co-workers addressing him regularly, while they 
do not seem to discuss anything amongst themselves, seem to suggest such an 
interpretation. The designers were regularly addressing the 'supervisor', who then 
went to their desks, seemingly to give feedback or guidance regarding their work. 
On the few occasions when the designers joined the 'supervisor' at this desk, the 
gestures seemed to denote some sort of reference, or that an example was shown 
to them. In another observation, the 'supervisor' hardly uses his keyboard, while 
the two designers at the back of the office were using theirs quite often, further 
reinforcing the suggested roles.
The meetings take place at individual workstations, or as occasional conversation 
from the co-workers' desks, indicating an informal nature of discussion. Since the 
video recording did not allow us to discern what their screens were displaying, it is 
difficult to know what the discussions were actually based on. However, it seems 
safe to say, due to the services offered by the firm, that they involved some sort of 
web-based interface design. The assumption is made that any activity taking part 
in a professional design practice constitutes part of a design process since work, in 
a general and self-evident sense, is being done.
However, while it may not be obvious what exactly was discussed and developed 
during the period observed, Table 1 shows that more than one-third of the time 
was spent discussing the work. About the same amount of time was spent casually 
discussing from the desks and more formally discussing in front of an individual 
designer's computer screen. In some respects, the high frequency of discussion 
was surprising. Particularly, as the discussions occurred as many spontaneous and 
brief conversations, instead of single, long meetings. It could not be discerned, 
whether this was related to the specific kind of work accomplished during the
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observational period, the prevailing corporate culture at the design firm, or some 
other reason.
Types o f discussion and spaces
The types of discussion observed at the interaction design agency were com pared 
with those at the industrial design studio. Certain similarities could be found: 
casual conversations, carried out in a very informal m anner, with a cup of coffee in 
the kitchen or at the desks, seem  to take place frequently. At the industrial design 
studio, m ost group discussions took place in the kitchen/workshop area (Figure 
36). In the m ain conference room, more formal discussions were held, for example, 
with clients (Figure 37). This room has a more serene atmosphere, but still plenty of 
prototypes permeate the space.
Figure 36: Stand-up table for informal meetings, Figure 37: Conference room for formal meetings, 
and expample of a 'prototype-rich' environment.
While the conference room allowed for a focused discussion of individual 
prototypes, the stand-up table in Figure 36, being a part of the workshop, opened 
up conversations in a more playful m anner. Current work and different materials 
infusing inspiration in the design process were lying around the workspace, 
provoking easy ways to switch topics of discussion. A striking difference betw een 
the two studios is the difference in the num ber of prototypes. In the industrial 
design studio, prototypes of design activity were strewn everywhere and seem ed 
a constant source of discussion. At the interaction design firm, the picture was
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completely different. While at Studio Beat Karrer the space could be described as 
a 'prototype-rich' environm ent (Figure 38), at R.O.S.A. the office space appears to 
be clean and relatively 'prototype-poor' (Figure 39). Although, prototypes m ight be 
num erous in digital form at R.O.S.A., they would seem  to be very m uch confined to 
the com puter screens and do not at all perm eate the studio's space itself.
Figure 38: A 'prototype-rich' environm ent at the Figure 39: A 'prototype-poor' environm ent at the 
industrial design studio. interaction design studio.
Focusing prototypes
A nother observation m ade in these studies concerned the 'focusing' nature of 
prototype discussions. Figure 40 and 41 depict two designers at the industrial design 
studio discussing functional properties and aesthetic consequences in different 
kinds of prototypes. The focus of the two people in discussion clearly converges 
on the prototype.
Figure 40: Designers' attention converging on a Figure 41: Designers discussing a function 
style prototype. prototype.
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While exchanging and conveying their ideas and insights with each other, trying to gain 
com m on ground, the designers used a variety of different artefacts, such as 'talking' 
sketches (Figure 42), as well as functional and style prototypes.
Figure 42: Designers using 'talking sketches' 
during the conversation to gam com m on ground.
4.1.6 Conclusions
These early empirical studies yielded valuable insight into the im portance of individual 
design activities in practice. The m ethods used indicated possible fields of interest that 
prom ised to be of value for further research. Prototyping and design discussions could 
be especially identified to play major roles in the production of design outcom es. While 
interviews were instrum ental to understand the designers' opinions and perceptions of 
their design process and its aspects, direct observation and artefact analysis offered a way 
to cross-reference the data and individual insights.
However, the m ethods used produced only certain kinds of data and did not allow for any 
further deepening of the investigation into the relationship betw een prototyping and d e ­
sign discussions. How exactly is prototyping being used during the design process? How 
do designers interact with prototypes during design discussions? Do they have som e in ­
fluence over what and how the designers converse? Do the materials chosen for prototyp­
ing have any significance, and if so, which? These questions could not be retrieved with 
validity using the traditional methods. Expert interviews are prone to give biased inform a­
tion. Observing design activities in practice is often severely limited by issues like access, 
project duration and confidentiality. In addition, the very practical requirem ents to ga th ­
ering appropriate data that is m eaningful in a scientific way -  for example by controlling
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different variables of the design process -  seems contrary to how design solutions 
are being achieved in practice.
Questions like the ones above were motivated by the findings made in the u n ­
structured field observations. However, answering them requires a different, more 
structured investigation into the effects of prototyping on verbal and non-verbal 
interaction. A new method was needed at this point to answer the questions posed 
by the preceding research. In a series of pilot studies, this thesis aimed to develop 
such a new method.
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4.2 Pilot studies
In order to address the limitations of the research m ethods used in the early phase 
of this thesis, particularly in regard to their open-endedness, a new approach was 
needed better suited to the specific research interests evolving from earlier find­
ings. The requirements posed to such a method were to enable the observation, 
recording and analysis of the roles prototypes play in design discussions and the 
relations between them. Conducting such investigations in design practice is hard 
to negotiate. Matters of confidentiality play an important role when designing for 
clients. Early on in the course of this research, it became evident that such issues 
will, more likely than not, impede any attempt to conduct a series of such investi­
gations in design practice. Furthermore, experiences made suggested that observ­
ing design discussions in various practices would prove to be difficult to compare 
due to the contextually influenced nature of such conversations. Thus, the deci­
sion was made to use a research method that would allow for a more controlled 
and comparable investigation: the controlled experiment.
4.2.1 Testing the set-up
Prior to conducting the main study, a pilot study was devised to test different ex­
perimental set-ups (Figures 43). In addition, the pilot study aimed at gaining a 
better understanding of what kinds of data could be obtained and what analyses 
produced insightful results based upon these designs. The experiment's original 
research design intended to observe and analyse randomly chosen groups of de­
signers collaborating on a predetermined design brief using three-dim ension­
al prototyping media, and sketching for the control groups, respectively. In the 
course of the pilot study using eight experiments conducted in iterative steps, dif­
ferent variables were explored, such as the group size, the individual prototyping 
materials provided, different design briefs, but also more technical issues such as 
different ways of audio and visual recording.
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Figure 43: Test of different settings and materials for the experimental setup in the pilot study.
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The experiment was set up in two individual tasks. In the first task, the participants 
were asked to build a square cube with each of the materials provided (Figure 44). In 
the second task, the participants were given the actual main design task, which was 
to build a prototype of an electronic device that would enable the users to convey 
gestures of loving and care to their loved ones. The skill-building task was given, on 
the one hand, to familiarise the participants with the materials. On the other hand, 
this task allowed for a focus on the prototyping process with each material in a very 
controlled manner. Initially, the skill building task was given to build the highest 
tower possible with each material. This task, although it seemed to motivate the 
participants to engage more in this activity, proved to somewhat exhaust their cre­
ative potential. After finishing this task, the eagerness to produce something else 
creatively decreased. It also represented a rather well-defined design challenge, to 
build a high tower, which did not reflect the proposed, more indeterminate nature 
of design problems. Thus, the task to build a square cube was given. This, in a way, 
more open task allowed the participants either to build a very simple solution, or 
to freely interpret the challenge. In the tests, this proved to somehow increase the 
eagerness to build a creative solution in the main design task.
In testing the set-up, the materials were presented to the participants in uniform 
boxes. They were all presented at the same time. In the sketching condition, only a 
pen and paper were provided. This was done in order to be able to infer any prefer­
ences regarding the materials used, by recording which material was chosen first, 
which second, and which third for the skill-building task.
For the main design task, the participants were free to choose whichever material 
or combination of materials to use, except those in the sketching condition. In the 
final set-up, the experiments were grouped into three categories: (1) experiments 
where all three prototyping materials would be provided; (2) experiments where 
only sketching materials would be provided; and (3) experiments where all three 
prototyping materials, as well as sketching materials, would be provided. This al­
lowed for an investigation into the interplay between individual materials. In the 
pilot studies, for example, Lego was mostly used to prototype or represent func­
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tional aspects of a design solution, while clay was used to illustrate aesthetic prop­
erties. In addition, the use and purpose of sketching in the design process could be 
better observed in this set-up.
Skill Building Task: Cubes
f t
Design Task: Com m unication Device
*
Figure 44: Sample excerpt of artefact docum entation of each experiment in the pilot study.
85 An  I n t e g r a t e d  A n a l y s i s  of  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
4.2.2 A first analysis
Since it was not clear what kind of data exactly the experim ents would yield and 
what analyses they would enable, the first step was to describe what could be ob ­
served in the pilot studies. To do so, the focus was laid on behaviour, artefacts 
and com m unication (Figure 45). These first attempts at extracting insights from the 
data led to more specific questions regarding the quality of discussion and possible 
indicators for individual types of those qualities.
Teamwork did not em erge naturally from the The group split the task, som e building a 'receiver
beginning. One team  m em ber started building station', others a 'mobile controlling device',
while the others were still discussing.
The 'receiver station' with a figure, im persona- The rem ote controlling device, w ith w hich so-
ting a significant other, which is controlled by m eone transm its gestures, w hich are then  perfor-
the person that it represents. m ed by the figure at the 'receiver station'.
Figure 45: Sample excerpt of observations made during the experiments in the pilot study.
In a first attempt to make sense of the data, the num ber of words, the tim es the 
material boxes were used, and the num ber external references brought into the
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discussion were recorded (Table 2). Four experiments from the pilot series were 
chosen for these analyses. In a first step, the audio feeds of the experiments were 
transcribed. Subtracting all annotations, such as gestures performed at particular 
moments during the experiments, the number of words used in discussion was 
derived from the transcripts. In the next step, the number of instances the partici­
pants reached into one of the material boxes was recorded. This was done by care­
fully analysing the video footage of the experiments. In the final step, the number 
of external references was counted. This was done by combing through the tran­
scripts for instances where the participants brought concepts into the discussion 
that referred to already existing artefacts or entities.
Experiment A Experiment B Experiment C Experiment D
Number of words 
used
1*151 T245 618 467
Number of times 
boxes were used
Clay: 3 + 0 = 3 
Card.: 6 + 4 = 10 
Lego:37 + 46 = 83
Clay: 1 + 1 = 2 
Card: 3 + 4 = 7 
Lego: 9 + 26 = 35
Clay: 4 + 1 = 5 
Card.: 5 + 5 =10 
Sketch: 1 + 0 = 1
Clay: 3 + 3 = 6 
Card: 6 + 7 = 13 
Sketch: 1 + 0 = 1
Total: 96 Total: 44 Total: 16 Total: 20
Number of ex­
ternal references 
used
2
/ Postmodernism 
/ Dice
4
/IKEA box 
/ Water cube 
/ Wings 
/ Sun-blinds
0 1
/ Christmas gift
Table 2: A first attem pt of making sense of the data retrieved.
In a second test of different analyses, the number of questions occurring (intended 
to measure the level of exploration in talk), the number of spontaneous expres­
sions (level of immediateness of talk), the number of evaluative expressions (level 
of evaluation or performance orientation), and the number of words used by each 
participant (level of dominance) were being counted (Table 3). This first test indi­
cated that in analysing the talk occurring in the experiments, the analysis had to 
incorporate a very specific coding scheme containing the exact words that it is 
looking for and the categories they belong to. After completion of the test, some 
of the analyses promised to yield results that would illuminate the relationship be­
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tween prototyping and the conversation occurring with them. For example, when 
using Lego a significantly higher amount of words could be counted, compared 
to sketching. Less accentuated but noticeable, this was also the case for the other 
three-dimensional prototyping media. However, this analysis did not allow for any 
deeper investigation into why this difference was occurring and to evaluate the 
significance of the observation.
Test Analysis
Sketching Cardboard Clay Lego
Video A Video C Video A Video C
Number of questions
(0:00 - 4:00 min) 10 8 8 12
Comments: Within this analysis different types of questions could be discerned, which further analysis 
would have to carefully distinguish: (1) questions related to understanding, (2) suggestions posed as 
questions, (3) action-oriented questions, (4) evaluative questions, (5) questions posed by bodily expres­
sions.
Sketching Cardboard Clay Lego
Video A Video C Video A Video C
Number of sponta­
neous expressions 5 4 9 10
(0:00 - 4:00 min)
Comments: The spontaneous expressions have been rather difficult to classify if they are not defined in 
a very narrow and specific sense. Possible categories could be: (1) expressions of surprise (like: oh! ah!), 
(2) expressions of an on-going, individual reflection (like: ehm, uhm, sentences fading out)
Sketching Cardboard Clay Lego
Video A Video C Video A Video C
Number of evaluative 
expressions 14 8 9 10
(0:00 - 4:00 min)
Comments: This analysis posed the same problem of how focused the definition of evaluative expres­
sions should be. Words identified include: good, bad, I like, I don't like, fine, cool, perfect, shit, right, 
wrong, doesn't matter, working, not working, longer, shorter, sort of, best, worst
Sketching 
Video A
Cardboard 
Video C
Clay 
Video A
Lego 
Video C
Number of words PI: 79 (50%) PI: 136 (48%) PI: 83 (42%) PI: 246 (68%)
(0:00 - 4:00 min) P2: 79 (50%) P 2:147 (52%) P 2:115 (58%) P 2:117 (32%)
Total: 158 Total: 283 Total: 198 Total: 363
Comments: This analysis is one of the two proposed analyses to identify whether one participants has 
a greater expertise in a specific material than the other. It showed that in some circumstances it might 
be a good indicator (like in the example of Lego Video C where participant A1 is an architect), but needs 
to be supported by at least one other analysis (like the proposed count of accepted design solutions). 
However, still many variables play into the perception of the expertise in these experiments like perso­
nal traits or the nature of the experimental setup itself.
Table 3: Test analysis of four different video segments using sketching, cardboard, clay and Lego as pro­
totyping media.
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4.2.3 Towards a more visual analysis
After finding it difficult to discern possible correlations, three experiments were 
analysed using a more visual approach. To that end, different characteristics of talk 
were plotted in steps of five seconds along a timeline (Figures 47 b 48). The char­
acteristics m easured were: the num ber of words used, the num ber of spontaneous 
expressions, the num ber of evaluative expressions, the num ber of expressions in ­
dicating shared ownership, the num ber of disagreements, the num ber of tentative 
expressions, and the length the two participants shared one of the colour-m arked 
spaces. All three videos used were recorded with the same participants using dif­
ferent prototyping materials. To plot the length and location of interactions in a 
standardised way, a colour-coded grid was laid over the video feed (Figure 46). The 
red area marked the space that lay betw een the two participants and represented 
the 'hot zone' for design interactions. The yellow area indicated an extended in ­
terpersonal space. Blue indicated the space which could be characterised as least 
interpersonal in nature. In order to reduce the distractions from the m ovem ent in 
individual zones, a soft focus effect was applied. For every 5-second step, the n u m ­
ber of participants being active in one of the three areas was recorded.
r mu
L
Figure 46: Video recording com bined with spatial grid to identify the use of different zones of the in ­
terpersonal space.
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1 min 2 min 3 m in 4 min 5 min 6 min 7 min 8 min 9 min
Number of words used
Number of participants in zones 
red ■ ■ i  ■ H m B B n m i H i u i  ■■■■■■la ■■ bbbbbbb 
yellow I bU I i U i  m i n  n i i a l i i a i  ■■ vI h b i i i b  b b ib
blue bbbbbbbb ~~~
Number of expressions
spontaneous |
~ ~  z c a l  a  a  _a_a_ ■■___
— ■ ■ ■ "  m ■ ■ a ■ ~aevaluative
shared -  .
ownership | z a  la a l lB f l
disagreement 
tentative 
explorative
Figure 47: Analysis of experim ent using sketching as prototyping m edium.
1 m in 2 min 3 min 4 min 5 min 6 min 7 m in 8 m in 9 min
Number of words used
Number of participants in zones 
red aa IJilliBB aaaaB—PilHIHaMaaaaHWAmaaala
y ellow H | | — -niii i ri mi "aa a ~ y
blue
Number of expressions
spontaneous ------ a i  " e  e H
evaluative -M |a g| Btl BIBBB ■■■ ■ I
shared _ IZ
ownership m  a a  BB V ~ ~a~ I  I  ■ ■
disagreement t
tentative H  H  r  H | a  BB a a a
explorative | a a B a a 3SB 8 a BB ■
Figure 48: Analysis of experim ent using clay as prototyping medium.
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The visualisation proved to be a valuable m ethod to represent and analyse the data 
gathered. By looking closely at the recordings, the data revealed otherwise h id ­
den information. For example, using Lego as a prototyping m edium  the analysis 
showed that while the two participants were both active in the middle of the in ­
terpersonal space, the num ber of words expressed was attenuated (Figure 49). This 
indicated that possibly another form of thinking was employed, not easily verbal­
ised.
1 m in 2 m in 3 m in 4 m in 5 m in 6 min 7 min 8 min 9 min 
Number of words used
Number of participants in zones
amm salmi® IBaBais liS iim l i l l  ?sin fui as la illlllla lilllillliM S Im a lM lllilm sM  slcsliaala lias 
f i i s s B f f is ls B  *s« 1  i i a a  ebb I  l« a  i l  n a m l  ■ ■ a  —  M u z r c n i :
 .... . .--------   ■. ■ -  „  . . ■ U  —  " T  '
Number of expressions
n
 ■■ • •••»—M-- - ■ ■ a—■ . • ■ 1 Tl" ■ ■ ■ -
  . .  u a  m- — . ... -  .............. 1  ;; a  . : "C T_"U ". .1
"■trif 17 ~ i  l..■■■•■•*. ■ y. a - -  ' wo rn i.. . _w m w.
Figure 49: Analysis of experim ent using Lego as prototyping medium.
They also showed that in the sketching experiment, the expressions indicating a 
sense of shared ownership of the design solution (e.g. ours, we, etc.) were most 
num erous at the beginning of the task and levelled out during the experiment (Fig­
ure 50). This was quite in contrast to the experim ent using Lego as a prototyping 
m edium , where these expressions occurred continually over the duration of the 
experiment.
20
10
red
yellow
blue
spontaneous
evaluative
shared
ownership
disagreement
tentative
explorative
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Comparison o f the num ber of expressions o f shared ownership
Sketching
r in b i iM F -  —  ,— i~~~ —— —r ~— r  ^ '  —^
Clay
I   w — i  i  1 1 ■ i ---- •-----------1—
Lego
Id1 ■ " ’1 ■- ■___■ m T .__■ ___i _______ iliTrj r_j :___1
Figure 50: Comparison of the use of expressions of shared ownership using three different prototy­
ping media.
Spontaneous expressions like 'ah!', 'oh!' and 'uhm ' were grouped rather closely in 
the sketching experiment, while being m ore dispersed in the Lego and clay ex­
perim ents, indicating that a less spontaneous conversation is taking place w hen 
drawing (Figure 51).
Compahson of the num ber o f  spontaneous expressions 
Sketching
 — n|-—1------------:------------i  ■ i  ■ — " - —
Clay
Lego
■ f i  i  ^—— ■— ■ i   ^ ~ r :n
Figure 51: Comparison of the use of sponatenous expressions using three different prototyping media.
The m ost evaluative expressions like 'good', 'cool', 'nice' or 'bad' were recorded in 
the clay experim ent while the fewest occurred in the sketching experim ent. This 
m ight be due to the lack of interaction and shared ow nership in the sketching 
task (Figure 52).
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Comparison o f  the number of evaluative expressions
Sketching
Clay
Lego
Figure 52: Com parison of the use of sponatenous expressions using three different prototyping 
media.
In the sketching and clay experiment, m ost tentative expressions like 'what if?', 
'let's say' and 'why don't we?' were recorded w ithin the first two m inutes, while 
in the Lego experim ent those expressions were m ore equally dispersed over 
the whole duration. Furthermore, the few tentative expressions in the Lego task 
m ight lend them selves to the interpretation that talk occurring w ithin those tasks 
could be m ore direct and object-based in nature (Figure 53).
Com parison o f  tentative expressions  
Sketching
Clay
Lego
Figure 53: Com parison of the use of tentative expressions using three different prototyping 
media.
These analyses did provide relevant insights into the design process. What was 
left unansw ered, however, were questions of how the designers working together 
in these experiments actually used the space between them. This becam e a more 
dom inant issue as the analyses showed very significant differences in the use of 
the shared space, especially in the red zone, where intense collaboration on the 
design solution was assum ed to happen (Figure 54). Using the video grid, the m a­
jority of time for each 5-second period, where each participant was active in one of
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the interpersonal spatial zones was plotted on a timeline. In the sketching experi­
ment, for example, the two participants only interacted in this zone in three short 
instances. While one of them  was using the space extensively, the other participant 
was not in this zone. W hen using clay or Lego, on the other hand, both participants 
were involved in the interaction in the red zone in more or less equal shares. How­
ever, the analyses did not reveal the kinds of activity actually taking place in those 
instances.
Comparison o f  occupation o f  interpersonal space  
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Figure 54: Comparison of the use of interpersonal space between the participants using three diffe­
rent prototyping media.
While there are different kinds of categorisations of gestures, according to Cutica 
and Bucciarelli (2011) m ost gesture types, identified in current typologies, can be 
attributed to one of three m ain categories: deictic gestures, w hich com prise ind ic­
ative or pointing acts; representational gestures, which represent actions, charac­
teristics, forms or relationships between people and objects; and m otor gestures, 
which are rhythmic or repetitive hand m ovem ents that do not refer to the sem an ­
tic content of the accom panying talk. These three distinct kinds of gestures were 
again plotted along the timeline, allowing for a com parison of what types of ges­
tures occur at different stages of the prototyping process (Figure 55).
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Comparison of  gestural types
Sketching
Represen­
tational
Deictic
Motor
1 min 2 min 3 min 4 min 5 min 6 min 7 min 8 mm
Lego
Represen­
tational
D eictic
Motor
I  ■ I I  I  HTL_______________   s_____________
1 min 2 min 3 min 4 min 5 min 6 min 7 min
Figure 55: Comparison of the use of different types of gestures using sketching and Lego as 
prototyping media.
4.3 Summary
This chapter showed how  this thesis's inquiry into the collaborative design p ro­
cesses led from unstructured observation in design practice to a controlled inves­
tigation of co-located design collaboration, and eventually to a more visualised 
way of data analysis. In the studies of practice, expert interviews allowed us to gain 
a general understanding of the interviewed designers' perception of their design 
processes. However, these insights had to be interpreted with prudence, as they 
can be easily distorted by the interviewee's own beliefs and social desirability bias. 
Directly observing design practice offered a more objective way of analysing de­
sign activities.
The observations m ade in these practice studies allowed to identify m any types 
of prototypes suggested in previous work, particularly the typologies of Budde et 
al. (1992), Sommerville (1995) and Ullman (2003). They also support Oak's (2010) 
claim that com m unication and negotiation are central to design, confirming her 
observation that design practice is deeply discursive and contextually specific. The 
designers spending one-third of their time discussing indicates the im portance of 
conversations in the design process.
i n i
8 min
nil
9 min
9 min
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Different kinds of discussion could be observed in design practice, ranging 
from formal to casual conversations. A distinction between 'prototype-rich' and 
'prototype-poor' environments could also be made. The 'focusing' nature of 
discussions around prototypes not only suggests that such spatial environments 
may influence the kinds of conversations taking place, but also that, as the 
designers at the industrial design studio mentioned, prototypes enable discussions 
about embodied design issues, sometimes referred to as tacit knowledge, which is 
an often overlooked feature of the design process in professional practice.
In a more general sense, the data gathered and results obtained reveal two key 
aspects of the design process: prototyping and discussion. They also raise the 
question as to how exactly prototyping and discussion are related to each other. 
More specifically, while the unstructured field observations reveal the importance 
of prototypes in design discussions, they cannot disclose just what effects different 
types of prototypes and prototyping materials have on the discussions taking 
place around them. What kind of discussions, for example, does the use of three- 
dimensional prototypes enable and how does it differ when discussing sketches? 
Are there differences in design discussions when using unstructured materials, 
such as industrial design clay, or more structured materials, like cardboard? What 
role do non-verbal cues play in the discussion of prototypes? What kind of cognitive 
style do the designers employ when prototyping and collaborating using different 
materials?
Analysing the physical, cultural and procedural context in which design work is 
accomplished, as well as the artefacts produced, offers an unobstructed look into 
design practice. The findings gained in these studies corroborated the existing lit­
erature suggesting prototypes and design discussions being pervasive aspects of 
collaborative design processes.
In spite of this direct view of designing, apart from the difficulties of gaining ac­
cess to design studios willing to collaborate in this research, the unstructured field 
observation had limitations. It was, for example, hard to see how different variables
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could be controlled in these observed design processes in order to gather scien­
tifically meaningful data. A different kind of method was needed to answer more 
specific questions.
A pilot study was conducted to test out different setups of a more controlled inves­
tigation into collaborative design processes. In eight experiments, different kinds of 
tasks, materials and ways of recording and analysing the data were tested. The ex­
periments proved to be a valuable way of researching co-located design activities. 
The more visual approach to analysing the data obtained in the pilot study sug­
gested a way forward for further research. In these analyses, various dimensions 
of the collaborative activities were scrutinised, like the rate of words or different 
kinds of expressions. However, they did not allow for the investigation of individual 
observations in more depth, especially the differences discerned in the use of the 
interpersonal space when using the three prototyping materials provided. In order 
to provide a deeper insight into the path, intensity, and location of the participants' 
movements, as well as their usage of space, a new method of analysis was needed.
In addition, new questions arose from the pilot studies. Analysing the type of ges­
tures used in the Lego and sketching conditions, for example, indicated that rep­
resentational gestures were used earlier when sketching. Another analysis showed 
that, while the rate of talk was attenuated, both participants were active in the in ­
terpersonal space when using Lego. Such observations raised questions like: How 
do the participants develop a shared understanding of the design solution in the 
design process? What role does the prototyping material play in such processes? 
And how does the designers' interaction with different prototyping materials in ­
form their social behaviour? This need led to the development of the Proxemic Mo­
tion Trace Analysis PMTA. Tracing the proxemic motions of the participants and 
combining them with other observable forms of interaction promised to allow for 
deeper insights into how the designers collaboratively developed their solutions. 
The next chapter will take a closer look at the PMTA.
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5 The Proxemic Motion Trace 
Analysis PMTA
This thesis set out to answer the research question as to how different types of 
prototyping media contribute to collaborative design processes, particularly the 
'quality' o f verbal and non-verbal interaction. In order to answer this question, and 
to guide the research, the relevant hypotheses have to be addressed: (1) different 
kinds of prototyping media inform qualitative aspects of social dynamics in 
collaborative design processes; and (2) different kinds of prototyping media inform 
the co-construction of knowledge in collaborative design processes.
In the practice studies conducted in the course of this thesis, the ubiquity of 
prototypes and importance of design discussions was shown. They also indicated 
that different prototyping media are used to perform specific functions in artefact- 
facilitated conversations. The early and rough prototypes of a hall stand, for example, 
were made almost entirely out of wires, while the more aesthetic and refined 
prototypes used later on where made out of balsa wood. To test the hypotheses, 
however, a different, more controlled method was needed. The previous chapter 
described the approach to the development of the Proxemic Motion Trace Analysis 
(PMTA), which offers a new method to test the hypotheses. This chapter will look at 
this method in more detail.
5.1 A new methodology
5.1.1 Tracing proxemic motion
Led by issues raised in the early attempts of a more visual analysis of the data gath­
ered, the focus of the investigation shifted towards tracing the movements of the 
participants' hands within the interpersonal space. The question of how people 
make use of the physical space in the interaction with others, known as 'prox-
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emics', did bear great significance in the experiments conducted. Not only how 
m any times the participants interacted in a shared space betw een them  seem ed 
im portant observations to make, but also how  intensive the motional activity was, 
where its focus was located for each participant, and what kind of patterns could be 
discerned. Thus, to be able to answer those questions a new  m ethodology focus­
ing on the use of interpersonal space was developed -  the Proxemic Motion Trace 
Analysis (PMTA) -  incorporating and extending the analysis from the pilot studies.
5.1.2 The elements of PMTA
The core of the PMTA lies in the visualisation of the proxemic m otion traces (Figure 
56). These traces represent the m ovem ent or inactivity of the participants hands 
within the interpersonal space. According to Prabhu (2010), proxemics distinguish­
es four categories of space: (1) public space, w hich is about 12 ft to 25 ft around an 
individual; (2) social space, w hich is 4 ft to 12 ft; (3) personal space, w hich is about 
18 inches to 4 ft; and (4) intimate space, w hich is an area up to 18 inches. The PMTA 
focuses on the m ovem ents within the personal and the intim ate space.
Figure 56: The recording of proxemic motion traces with PMTA in a controlled experiment.
As a methodology, however, the PMTA incorporates additional dim ensions of 
analysis. The use of different prototyping materials, for example, was recorded for
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different increm ents of time. In addition, the location and time where and w hen 
ideas and concepts em erged during the design process were observed and an n o ­
tated on the proxemic m otion traces (Figure 57).
Concepts/ 46 47 48,
Ideas 49
 f
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
(F) „Maybe we can also have 
something with which small 
voice message can be con­
veyed?" [50]
48: (F) „These can kind of 
switch between what you 
send, when you want to 
send an image press this 
one, when you want to send 
a smell that one, w hen you 
want to send a mood that 
one." [47]
(F) „And the smell has to 
com e out of somewhere. 
Maybe it can be the same 
thing." [49]
[46] (M) .It 
could be one 
screen. One 
screen you 
can scroll."
[48] (M) .But 
you have 
also to record 
the smell 
[...] that's the 
[inaudible]."
Materials used
.Sketching
_Lego
.Cardboard
_Clay
Figure 57: Analysis incorporating proxemic m otion traces, em erging concepts and usage of different 
prototyping materials.
Marking where a specific idea em erged in the m otion traces, allowed for a better 
discrim ination of the kind of collaboration taking place and whether or not both 
participants interacted and contributed in the shared space. It also provided a more 
com prehensive picture of how the design solution em erged from the collabora­
tive activity. Combined with the indication of what materials were used w hen the 
individual ideas were expressed, this offered a close-up inspection of each time 
segm ent analysed.
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5.1.3 Set-up of experiments
The data was collected in a controlled environment, in m eeting room s at the re ­
search departm ent at Central Saint Martins College in London. For each experi­
ment, the same setting was used (Figure 58). The materials were provided using 
m atching black boxes as containers. A working mat was placed on the desk in the 
middle of the two participants. The cam era and audio devices used for the record­
ing were placed in front of the participants using an 180-degree angle, covering 
the whole space used during the experiments.
2 3 4
I IP 1 1 ml l ■
Figure 58: Experimental setup with working mat (1), 
material boxes (2, 3, 4), and camera (5).
Seating o f  participants
The two participants were always seated in the same m anner, so that both partici­
pants had equal access to the working mat. Due to the way the materials were p ro ­
vided, it was not possible to allow for equal distances to all of the individual material 
boxes. Another factor to be considered was the handedness of the participants. 
The participants were seated w ithout regard to w hether they were righ t-handed  
or left-handed. Such a predisposition might influence the interaction with the ar­
tefact as well as between the participants themselves, and it is suggest to consider 
such an influence in further studies.
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Number of participants
The pilot studies tested different group sizes to establish which to choose for the 
m ain study part of this thesis. The largest group size, consisting of five partici­
pants, showed that the discussion and collaboration was quickly separated into 
two sub-groups, working on individual design solutions. When using a set-up of 
three participants, one person withdrew herself from the collaboration. Using two 
participants provided a way to observe design discussions and collaboration in a 
focused way, excluding such additional dimensions of social interaction. In the 
pilot studies it became apparent that recruiting enough participants for the studies 
-  as a crucial prerequisite of the research -  would not be easy. Focusing on two 
participants allowed to conduct more experiments with fewer participants within 
the given time frame of the PhD programme. However, examining larger groups 
using PMTA would certainly be of interest and is suggested for further studies.
Recording the video and audio data
The activity was video-recorded choosing a frontal perspective. Due to restrictions 
in the use of the provided infrastructure, i.e. the use of the rooms and time slots 
assigned for the studies, the data had to be recorded relinquishing an elaborate 
recording set-up, in particular a top-down view. In contrast to a top-down view, 
the frontal perspective offered the advantage to discern facial expressions as well. 
Such expressions could, for example, give important indications where the focus 
of attention of an individual participant is located. It could also reveal whether a 
verbal expression is given a different or additional meaning by a bodily expression.
Recording the traces
In order to plot the hand movements of both participants occurring during the 
experiment, a software programme, IOGraph, was used. The programme was used 
to record the movements of each participant individually with movements indicat­
ed by a line, and stops plotted as dots and circles. Depending on the length of the 
stop, the sizes of the dots and circles increased (Figure 59). The lines represent the 
location in the middle of both hands when resting or when equally active. When 
one hand was active and the other inactive, the line followed the hand executing 
an action.
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The two images resulting from recording each participant's m ovem ents were su ­
perim posed with an image editor and a colour code was used for better distinction 
of the two m otion paths (Figure 60). As a result, the visualisations show  proxemic 
m otion traces of the two participants. Additionally, the m otion paths of the arte­
facts produced during the experim ent were traced.
Figure 59: Dots and circles indicating stops of Figure 50: Com bination of two m otion paths of the
3, 5,10, and 20 seconds. participants' hands.
Motion trace recording rules
As the program m e was originally conceived to track users' cursor m ovem ents on 
com puter screens, its usage cam e with a few restrictions, w hich necessitated se t­
ting a few rules for recording the individual m otion traces (Table 4).
PMTA Analysis Rules
Number of participants Each participant's hand movements are recorded
separately
One hand moving Cursor follows the hand in the middle or palm 
area
Two hands moving (of the same participant) Cursor follows the hands movement in the middle 
between the two hands
Only one hand is visible Cursor follows the hand visible
Both hands are visible, but only one is moving Cursor follows the moving hand
Both hands rest in the visible area Cursor rests in the middle of both hands
Both hands rest, but only one is visible Cursor rests on the hand visible
Movements not related to design activity (e.g. Cursor follows hand movement
running one's hand through one's hair)
Table 4: Rules for recording m otion traces for the PMTA.
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One major limitation was that only one location or point could be traced at the 
time. This m eant that the participants' hand m ovem ents could not be recorded si­
multaneously. Another significant limitation was the circum stance that the m ove­
m ents could not be recorded automatically, but had to be followed by hand (Figure 
61). Obviously, these aspects of recording would inevitably lead to considerable dif­
ferences in the data produced. To ensure a more congruent procedure of analysis, 
a set of rules was defined for recording the m otion traces.
1 m i n u t e s  ®
Figure 61: Recording participants' m otion traces manually using IOGraph.
Variation & limits o f  accuracy
Although the analysis rules outlined were attentively observed, differences and 
variations betw een individual recordings of the m otion traces are inevitable when 
generating them  by hand. For as long as recording the hand m ovem ents follow­
ing a predefined set of rules is not possible automatically, these variations have to 
be taken into account w hen using PMTA to analyse design processes. Thus, the 
accuracy with w hich the m ovem ents can be recorded defines the level of detail to 
w hich the data may be analysed justifiably. Figures 62 and 63 illustrate the variation 
-  and congruency -  of the same segm ent of m otion trace analysis, done in two 
different instances. The example shows that in the detailed analysis there are quite 
a few differences in the m otion traces followed and the pauses recorded. However, 
the overall appearance and location do not vary greatly. The general areas where 
m ost cases of activity and inactivity could be recorded rem ain visible and distin­
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guishable in both figures. The overall shape of the recorded m otion traces also 
appears to stay the same.
•  m
Figure 62: Sample m otion trace analysis of the hand m ovem ents 
occurring in the first five m inutes of experiment 5.
Figure 63: Sample m otion trace analysis of the hand m ovem ents 
occurring in the same five m inutes of experiment 5 produced in a 
different recording session.
The differences and similarities discernible in Figures 62 and 63 do imply the alti­
tude from w hich the data may be analysed. The contrasting juxtaposition indicates 
that it seems justifiable inferring conclusions based upon the overall shape of the 
PMTAs and the general location of individual areas of activity and inactivity, but 
not based upon the location and course of individual dots and lines. Such a fine­
grained analysis, however, m ight be justified once an autom atic recording can be 
devised, which m inimises those variances.
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Adapting 'Linkography'
As a method to unveil the design process in detail, PMTA can also be combined with 
other methods of analysis. Linkography, for example, is a method of analysing the 
emergence of design moves during design processes, developed by Goldschmidt 
(2014) (see Chapter 3). The author describes in detail how, using the methodology, 
'linkographs' may be generated. In this thesis, these linkographs have been som e­
what adapted in order to allow for a more revealing combination with the PMTA 
visualisations. 'Linkographs' offer the opportunity to look at how individual design 
moves are connected with each other. In combination with the PMTA, these rep­
resentations allow one to discern connections between different patterns of prox­
emic activity, the location of emerging ideas, the materials used and the relations 
of individual design moves over the duration of the design process.
While in the original linkograph depiction the design moves are all listed in an 
uninterrupted chronological order, the adapted representation used in this thesis 
allows for space between individual design moves to better visualise their affiliation 
to a specific time segment (Figure 64). The segments are divided into bits of five 
minutes each. The design moves or concepts emerging within these segments are 
being aligned along the PMTA visualisation of the respective segment. This has 
implications regarding the visual representation of individual patterns (like chunks, 
sawtooth tracks or web patterns), which have to be considered when analysing the 
modified linkographs.
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10-15 m in
232728 22 24 25
29 26
15-20 m in
31 30
33 32
34 35
20-25 m in
Figure 64: Adapted representation of the Unkograph for
Goldschmidt explicitly states the nature of design moves as any "step in the process 
that changes the situation" (p. 42). In order to investigate the em ergence of ideas in 
the design process, this definition of a design move has been  narrowed down, for 
this thesis, to design moves either suggesting an addition or alteration of an already 
expressed idea or concept, or proposing a new  idea, concept or development.
5.1.4 Measuring design activity
Analysing the design process from multiple angles using PMTA allows the apply­
ing of m easures to the collaborative design activities observed. Dillenbourg (1999) 
suggests that situations, interactions and processes can all be characterised as col­
laborative. Regarding collaborative situations, he argues that "a situation is term ed 
'collaborative' if peers are more or less on the same level, can perform  the same 
actions, have a com m on goal and work together" (p. 7). This, according to Dillen­
bourg, requires some sort of sym m etry of interactions -  sym m etries like 'sym ­
metry of action', 'symmetry of knowledge' or 'symmetry of status'. Collaborative 
interactions can be characterised by the extent to w hich they "influence the peers' 
cognitive processes" (p. 8), the occurrence of 'synchronous com m unication ' in ­
stead of 'asynchronous com m unication' (which would be associated with co o p ­
better alignment with the PMTA visualisations
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eration rather than collaboration), and negotiability (which implies some degree 
of status symmetry). As specific to collaborative processes, Dillenbourg identifies 
the two phenom ena of 'internalisation' and 'appropriation'. The former describes a 
transformation of external 'tools' from a social to an intra-personal dimension. The 
latter denotes the reinterpretation by an individual of "his own action or utterance 
under the light of what his partner does or says" (p. 11), indicating a mutual influ­
ence of cognitive processes between collaborating people.
Regarding Dillenbourg's categories of situation, interaction, and process, the PMTA 
offers variables that can help measure the kind and degree of connectedness tak­
ing place in design processes indicative of collaborative activity (Table 5).
Characterisations according to 
Dillenbourg
Variables offered by PMTA
Symmetry of interactions & synchronous activity Measured by evaluating the degree of sym m et­
rical motion traces & by evaluating the degree of 
synchronous motional activity
Negotiability & synchronous communication Measured by evaluating the ratio of contributed 
ideas/design moves
Influence of cognitive processes & Measured by evaluating the degree of linkage
appropriateness between ideas/design moves
Table 5: Variables proposed to measure characteristics of collaborative activity according to 
Dillenbourg (1999).
Symmetry of interactions: degree of symmetrical motion traces 
Evaluating the degree to which the two participants' motion traces are symmetrical 
in their intensity indicates whether a symmetry of interaction took place during the 
observed design activity, i.e. whether both participants were more or less equally 
active (Figures 65-67). The symmetry of the motion traces' location provides an 
insight to where the participants individual actions were performed. This shows 
whether the locus of activity was shared between the two participants or whether 
their use of the interpersonal space was different. The latter would indicate that the 
activities occurring during the observed time period could be of a different nature.
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Figure 65: Example of a very symmetrical motional activity in exper­
iment 19 between 10-15 mintues: both, the intensity and locus of the 
m otion traces seem  quite symmetrical.
Figure 66: Example of a very asymmetrical motional activity in exper­
iment 16 between 30-35 mintues: intensity and locus are not congru­
ent at all.
«•* * - i*  -
Figure 67: Example of a somewhat symmetrical motional activity in 
experiment 16 between 30-35 mintues: intensity and locus are a bit 
incongruent with the participant on the right showing slightly more 
motional activity and more use of the interpersonal space.
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Equality o f contribution: ratio of contributed ideas/design moves 
Calculating the ratio between the participants' individual design moves or con­
tributed ideas during the design process indicates the degree of negotiability and 
synchronous communication occurring. A strong tendency towards one of the 
participants suggests that one of them was either reclusive or inhibited in some 
way. In this case, one possible interpretation could be that an asymmetry of status 
or knowledge (e.g. design expertise, language barriers, etc.) was occurring. Other 
interpretations could be that one participant did not feel the same sense of owner­
ship over the design solution or was simply tired. In all cases, an asymmetric form 
of collaboration takes place indicating a lesser degree of connectedness.
Mutuality of cognitive influence: degree of linkage between design moves 
Evaluating the degree to which ideas or design moves are linked amongst each 
other provides an understanding as to what extent the cognitive processes have 
been mutually influenced by the participants, or as to what extent the participants 
reinterpret their actions in the light of what their collaborators do. The linkage in ­
dicates that design moves are being received and cognitively processed. The more 
ideas are linked, the more connected the collaborative activity may be described. 
The degree of linkage may be determined by analysing the number of connected 
design moves in the linkograph.
Coding scheme b calculation
In order to measure the connectedness of the design activities observed, according 
to the three dimensions described above, a simple coding scheme may be applied 
to attain the individual coefficients (Table 6). While the coefficients for the ratio of 
contributed design moves and the degree of linkage between design moves can 
be calculated, a more interpretative approach was used to define the coefficients 
for the degree of symmetrical motion traces. To that end, the PMTAs were vis­
ually analysed and categorised either as a 'symmetrical activity' with a coefficient 
of 3 (Figure 65), as an 'asymmetrical activity' with a coefficient of 1 (Figure 66), or 
as a 'somewhat symmetrical activity' with a coefficient of 2 (Figure 67). This way 
of measuring the connectedness of collaborative design activity is, in its present 
form, rather intuitive. Further research is suggested to refine the measurement in 
order to achieve a more objective way of obtaining the individual coefficients.
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Coding Scheme for Measuring Connectedness
1 2 3
Degree of symmetrical motion traces 
b synchronous motional activity
Location and 
intensity of motion 
traces asymmetric
Location and in ­
tensity of motion 
traces somewhat 
asymmetric/sym - 
metric
Location and 
intensity of motion 
traces symmetric
Ratio of contributed design moves Ratio clearly in 
favour of one par­
ticipant
Ratio somewhat 
in favour of one 
participant
Ratio equal for 
both participants
Degree of linkage between design 
moves
Individual par­
ticipant's design 
moves show only 
few links and 
many orphan 
moves
Individual par­
ticipant's design 
moves show a 
m edium  am ount 
of links and only a 
few orphan moves
Individual par­
ticipant's design 
moves show many 
links and almost 
no orphan moves
Table 6: A simple coding schem e to deduct the coefficients of the individual dimensions.
To determine the coefficients relating to the ratio of contributed design moves, 
a table of individual ratios is proposed (Tables 7 b 8). The highest coefficient, 3, is 
given to the ratio range between 1:1 to 1:0.70 indicating equal or near-equal num ­
bers of contributions, coefficient 2 is given to ratios between 1:0.69 to 1:0.30 and 
coefficient 1 to ratios between 1:0.29 to 1:0.
Coefficients Assigned to Ranges of Ratios
Coefficient '3' Coefficient '2' Coefficient '1'
1:1 to 1:0.70 1:0.69 to 1:0.30 1:0.29 to 1:0
Table 7: Ranges of individual ratios and their assigned coefficients.
Assignment of Coefficients to Ratios of Contributed Design Moves
Number 
of Design 
Moves
Table 8: Design moves contributed by each participant and coefficients their ratios relate to.
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Using the individual coefficients, the degree of connectedness for each fraction of 
time may be calculated (Table 9). This allows one to better discern the kinds of col­
laboration, i.e. the connectedness of design activities, taking place while the design 
process evolves.
Calculation of Degree of Connectedness per Observational Period
0-5
min
5-10
m in
10-15
min
15-20
min
20-25
min
25-30
min
30-35
m in
35-40
m in
Degree of symmetrical motion 
traces & synchronous motional 
activity
1 1 2 3 3 3 1 1
Ratio of contributed ideas/de­
sign moves
2 1 3 3 3 3 3 2
Degree of linkage between ide­
as/design moves
1 1 2 3 3 3 2 2
Degree of connectedness 4 3 7 9 9 9 6 5
Table 9: Sample calculation of connectedness for individual fractions of the design process.
The values in this example range from 3 to 9. The extreme values of 3 and 9 indi­
cate a rather unconnected collaborative activity in case of the former, and a very 
close collaboration occurring in case of the latter. However, to make assumptions 
about the nature of the collaborative design activity measured with values between 
4 and 8, a more detailed look at the individual types of collaborative design activity 
has to be taken.
5.1.5 Main study method
The data used in the main study of this thesis was collected and analysed in a 
number of quantitative and qualitative methods to look at various aspects of col­
laborative behaviour and their interaction, specifically (1) hand movements, (2) in ­
terpersonal space, (3) gestural type, (4) verbal rate, and (5) the use of language.
The final study design, developed from the method and findings of the pilot study, 
randomly allocated two designers per group, working collaboratively on a design 
brief using three different prototyping media: a structured material (Lego bricks),
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a semi-structured material (cardboard) and a non-structured material (clay). The 
control group was only allowed to use sketching materials for the main task. Prior 
to the actual experiment, the participants were informed about the experimental 
procedure itself and their rights as participants (using a standardised form of con­
sent). The participants were then asked to perform a skill-building task first. This 
task was to build a square cube with each of the materials provided. The task was 
deliberately formulated in an open m anner so that the participants could choose 
whether they want to produce a simple form or a more elaborate interpretation of 
a square cube as design solution. Five minutes were given for each cube. No order 
of materials was set, so participants could choose with which material they would 
start and end. They were then asked to work on the main design brief, which in ­
structed them to develop an electronic device that would allow people to convey 
small gestures of loving and caring over a distance. At the end of the experiment, 
the participants were asked to fill out a brief questionnaire. All tasks were performed 
according to a predefined experiment schedule (Table 10).
Sequence/Step Description Duration
Briefing b Form of 
Consent
The participants are given the task in the form of a short, 
fictitious design brief. In addition, a form of consent to use 
the data for research purposes, with additional inform a­
tion of how  and w hen consent can be withdrawn, will 
have to be read and signed by the participants.
5 minutes
Skill-building task 1 The participants will be first asked to perform a skill-build­
ing tasks making them  familiar with the three different 
materials available for prototyping: a stmctured m ate­
rial (Lego), a semi-stmctured material (cardboard) and 
a non-structured material (Play-Doh). In each task the 
participants choose one material with which they will 
produce a cube.
5 minutes
Skill-building task 2 ditto 5 minutes
Skill-building task 3 ditto 5 minutes
Design task The participants are asked to build one or more shared 
prototypes of their design solution according to the re­
quirements given in the design brief.
35 m inutes
Questionnaire The participants are asked to fill out a short questionnaire 
to gather data related to the moderator variables.
5 minutes
Table 10: Schedule of the individual experiments.
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Participants
In the controlled experiments, volunteering design students at Central Saint 
Martins College of Art and Design were observed. The participants were selected 
non-discriminatingly to their design discipline, gender, ethnic background or 
religious beliefs. This allowed for a diverse sample group of international as well 
as domestic students. Furthermore, it provided a setting in which the experiments 
could be conducted within a reasonable time frame. However, with the limitations 
given by the constrained time available as well as the geographical focus, using 
a truly random sample of participants was not possible. Whoever was willing to 
participate and was in the second or third year of study, was accepted to take part 
in the experiments. The students came from diverse cultural backgrounds, like the 
United Kingdom, Switzerland, China, Malaysia, India or the USA. This provided 
an interesting mix of nationalities. However, all of them represented a specific 
group of design students, willing and able to collaborate in an international setting. 
Under ideal conditions, the participants would have been randomly chosen and 
coupled for the experiments. In addition, not least due to financial reasons, the 
decision was made to recruit student designers as participants in the experiments. 
Each participant received £15 as compensation for taking part in this study. Many 
studies have focused on the observation of design students. Few have been 
conducted with experienced designers or even expert designers. Gaining access 
to experienced designers in research is often difficult -  even more so when trying 
to conduct controlled experiments in a more laboratory-like setting. If time and 
financial resources had permitted, experienced designers would have been chosen 
as participants. However, quite a few of the participants had already been practising 
as designers for a few years.
As the participants were video-recorded, their anonymity could not be completely 
preserved. However, their names were anonymised during transcription in order 
to avoid any connection between their identity and their images used.
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Experiment series
The main study consisted of a series of 23 controlled experiments -  each compris­
ing skill-buildings tasks and main design tasks, resulting in 99 individual design 
tasks -  in which pairs of design students at Central Saint Martins College carried 
out predefined design tasks. The main differentiation regarding prototyping tech­
niques was focused on sketching and three-dimensional prototyping media. The 
control group consisted of five pairs of designers carrying out the design tasks using 
sketching as a prototyping technique. The remaining 18 pairs performed three-di­
mensional prototyping with either mixed-material prototypes or single-material 
prototypes.
Informed by the previous pilot studies, the main working hypothesis for these 
experiments was that there is a significant and observable difference between 
three-dimensional prototyping media and sketching. More specifically, it was hy­
pothesised that when using three-dimensional prototyping media, the degree of 
shared ownership and mutual collaboration would be higher than when sketching. 
Another hypothesis was that the degree to which the participants interacted with 
the artefacts -  the models and sketches -  would be higher when using three-di­
mensional prototyping media instead of sketching. Regarding the proxemic activ­
ity, the hypothesis was that participants would use the shared, interpersonal space 
between them more frequently and intensely when using three-dimensional pro­
totyping media.
In the skill-building tasks, the participants were asked to produce a square cube with 
each of the materials provided. This allowed the isolation and calibration of proto­
typing media and collaboration, focusing on the specific relationship between the 
individual materials provided and the collaboration occurring. As tested in the pilot 
studies, the square cube was chosen, on the one hand, because it did not require a 
lot of additional explanation before the participants could start completing the task. 
On the other hand, building a simple form did not seem to exhaust the participants' 
creativity -  a feature observed in the pilot studies, when participants were asked
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to build the highest tower possible. As one aim of the skill-building tasks was to 
acquaint the participants with the prototyping materials before starting the m ain 
design task, all the materials were presented in front of them  in a standardised way 
to provide an overview (Figure 68). This was also done because it allowed one to 
discern possible preferences by observing what materials were chosen first.
The prototyping materials provided were presented in a standardised way in all of 
the experim ents (Figure 68).
Figure 68: The materials were provided in a consistent way.
The m am  design task was characterised by more design complexity. It allowed one 
to focus on the roles and functions the different prototyping media play in col­
laborative design activities closer to the actual practice. In the experiments, some 
participants were free to use all the materials, while others were restricted to u s ­
ing only one specific prototyping medium, sketching, or only three-dim ensional 
prototyping media. This allowed there to be a control group (with the sketching 
condition) as well as to observe w hether the participants, if free to choose, would 
rely on three-dim ensional prototyping m edia only or w hether they would also use 
sketching, if provided. The prototyping materials used in the individual experi­
m ental settings were presented to the participants as shown in Table 11:
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Experiment Skill-Building Tasks Main Design Task
1 Clay, Cardboard, Lego Clay, Cardboard, Lego
2 Clay, Cardboard, Lego Clay, Cardboard, Lego
3 Clay, Cardboard, Lego Clay, Cardboard, Lego
4 Clay, Cardboard, Lego Clay, Cardboard, Lego
5 Clay, Cardboard, Lego Clay, Cardboard, Lego
6 Clay, Cardboard, Lego Clay, Cardboard, Lego
7 Clay, Cardboard, Lego Clay, Cardboard, Lego
8 Clay, Cardboard, Lego Clay, Cardboard, Lego
9 Clay, Cardboard, Lego Clay, Cardboard, Lego
10 Clay, Cardboard, Lego Clay, Cardboard, Lego
11 Clay, Cardboard, Lego Clay, Cardboard, Lego
12 Clay, Cardboard, Sketching Sketching
13 Clay, Cardboard, Sketching Sketching
14 Clay, Cardboard, Sketching Sketching
15 Clay, Lego, Sketching Sketching
16 Clay, Cardboard, Lego, Sketching Sketching
17 Clay, Cardboard, Lego, Sketching Sketching
18 Cardboard, Lego, Sketching Sketching
19 Clay, Cardboard, Lego, Sketching Clay, Cardboard, Lego, Sketching
20 Clay, Cardboard, Lego, Sketching Clay, Cardboard, Lego, Sketching
21 Clay, Cardboard, Lego, Sketching Clay, Cardboard, Lego, Sketching
22 Clay, Cardboard, Lego, Sketching Clay, Cardboard, Lego, Sketching
23 Clay, Cardboard, Lego, Sketching Clay, Cardboard, Lego, Sketching
Table 11: Experiments conducted in chronological order and materials provided. The experim ents ch o ­
sen for in-depth  analyses are highlighted in grey.
From these 23 experiments, seven were chosen for in-depth analyses (experiments 
1, 4, 5,12,16,19, 22). They were chosen, on the one hand, according to the m ateri­
als used -  three experiments with three-dimensional prototyping media only, two 
with all prototyping media, and two with the sketching condition -  and, on the 
other hand, because they showed different types of collaborative design activities 
described earlier.
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After obtaining the ethics approval, the data was collected by video- and audio-re­
cording all experiments. Furthermore, field notes and photographs of specific ob­
servations, as well as of the artefacts themselves, were taken. All experiments were 
carried out in three almost identical rooms with minimal equipment and decora­
tion at Central Saint Martins College.
Questionnaire
A questionnaire, as well as a form of consent, had been filled out by all participants. 
In the questionnaire (see Appendix B), they were asked their gender, whether they 
were native English speakers or not, for how long they had studied design, how 
familiar they were with the other participants taking part in the experiment, and 
how familiar they were with the materials presented in the experiments. This in ­
formation was gathered in order to be able to respond to specific questions that 
might arise during the analysis in regard to possible moderating variables exerting 
an influence on the data obtained.
5.2 Summary
This chapter described the PMTA method in more detail. It outlined how the exper­
iments were set up, how the traces were recorded, what rules were applied when 
recording the participants' movements, and how the resulting visualisations can 
be interpreted. It also showed how motion traces can be combined with existing 
methods, such as Goldschmidt's (2014) linkography. As one example of how PMTA 
allows for analysis of collaborative design activities in a more integrated way, the 
chapter illustrated how the degree of connectedness can be analysed, by measur­
ing the symmetry and synchronicity of motional activity (indicating the symme­
try of interaction), the ratio of contributed design moves (indicating the equality 
of contributions), and the degree of linkage between the individual design moves 
(indicating the mutuality of cognitive influence). By defining the degree of con­
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nectedness using these three criteria, eight different types of collaborative design 
activity -  from highly connected to highly unconnected -  could be identified, ac­
cording to the individual characteristics and combinations of the three measured 
dimensions. The chapter also showed how the main study of this thesis was set up, 
what materials were used, who participated, and why a skill-building and a main 
design task were given. Having outlined the method's mode of operation, the next 
chapter will review the results obtained using PMTA.
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6 Analysing prototyping and 
interaction using PMTA
Studies into the social, collaborative and conversational aspects of designing have 
become increasingly popular. However, only a few have looked at the relationship 
between physical artefacts used in design processes and the different kinds of 
discussion these objects enable. Detailed analyses of design conversations and the 
artefacts produced during design processes (including sketches, drawings, gestures 
and prototypes) have been conducted in the past, though the interactive relationship 
between these two aspects -  conversation and artefacts -  has not been looked 
at in detail. Suggesting a general typology regarding the functions of sketches in 
designing as being thinking, talking, and communicating, Ferguson (1992) pointed 
the way towards further research about the different types of interaction between 
design discussions and the artefacts produced while designing.
This thesis aims to better understand the roles of different types of prototypes 
and how they contribute to collaborative design processes. This chapter will look 
at the findings obtained using PMTA as a more integrated method of analysing 
collaborative design activities, particularly in regard to the verbal and non-verbal 
interaction between the participants. In order to do so, seven selected experiments 
conducted in the main study at Central Saint Martins College will be presented and 
analysed in more depth. The experiments have been selected to provide insight 
into different types and degrees of connectedness in design collaboration. In a first 
set of analyses, the results from the skill-building tasks will be reviewed, comparing 
the intensity of movement, the rate of talk, the gestural types used, the conversation 
taking place and the emergence of concepts when using Lego and when using 
sketching. In the second part, a detailed analysis of the main design tasks will be 
presented.
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6.1 A controlled investigation into prototyping 
and discussion
6.1.1 The effects of prototyping on verbal and non-verbal behaviour
At its beginning, this thesis looked at the role prototypes play in conversation and 
interaction in professional design practice, exploring specifically the amount and 
quality of talk enabled by different design artefacts. A m uch narrower and controlled 
focus is being applied in this chapter. The role of physical prototyping media on 
the verbal and non-verbal interaction between designers, who are collaborating in 
developing a solution to a given design task, is the focal point of this investigation. 
It explores how selected prototyping media influence the quality of collaborative 
design processes. Particularly, the types of ideas and gestures as well as the use 
of the interpersonal space, are being looked at closely. While the unstructured 
field observations revealed different types of prototypes and their importance in 
design discussions, they did not allow for an in-depth analysis of various aspects 
of the interrelations between them. Verbal and non-verbal behaviour seemed to be 
influenced by prototypes in the field observations, but just how they related to the 
artefacts used could not be discerned in detail. No direct comparison between two- 
dimensional and three-dimensional media could be made either. In addition, verbal 
and non-verbal interaction could only be observed and analysed to a very limited 
extent. Comparing different interactions with varying participants using different 
prototyping media was a need identified in these first unstructured observations. 
Thus, in order to gain a better understanding of the effects of prototyping on verbal 
and non-verbal behaviour, isolating the interrelations between prototypes and 
interactions seemed to be a well-advised route to follow at this point.
In the literature, a strong view is held that any practical activity, and maybe 
designing in particular, embodies different types of thinking and that, in achieving 
a specific goal, these types of thinking can interact with one another. As Lloyd, 
Lawson and Scott (1995) observed, certain types of thinking, for example, planning, 
are more amenable to verbalisation than other types, such as sketching. Echoing 
this observation, McNeill (2005) argues that gestures have a complex relationship
A n a l y s i n g  p r o t o t y p i n g  a n d  i n t e r a c t i o n  u s i n g  P M T A 124
with speech and that they represent "visible thinking in the form of action", a view 
that is also held elsewhere (Goldin-Meadow, 2003; Hostetter & Alibali, 2008; Kita & 
Ozyiirek, 2003; de Ruiter, 2000).
Past research suggests that different kinds of hand gestures elicit neural activity in 
regions of the brain that are also activated during the mental performance of a task, 
as well as language and motor imitation (Gallagher &• Frith, 2004). Similarly, Lloyd 
(2009) observed that information about tasks represented in the visual system 
stimulates areas in the brain which would be active if those tasks would be actually 
embodied in real life situations. Summarising various studies, Lloyd concludes that 
"the evidence suggests that proxemic behaviour, rather than working at a largely 
automatic or preconscious level, is regulated by our beliefs about the agency of 
the other person in the social interaction" (p. 306). This might be an indication that 
gestures could play a key role in controlling interpersonal behaviour and interaction 
in design collaboration.
Further complicating the interrelation between gestures and speech is the fact 
that the space in which gestures occur in collaborative activity is not neutral. In 
identifying an important aspect of co-located design collaboration, Sweetser and 
Sizemore (2008) suggest that "speakers reach into the shared space to mark shared 
social goals and shared affect as the basis for the accompanying utterance" (p. 26). 
Thus, it is quite oversimplifying to see gestural movements as mere indicators of 
the spoken word: indeed, the reverse might even be the case. This thesis, therefore, 
investigates the relationship between different thinking modes in the design 
process more closely, with a particular interest in understanding how measures of 
talk in designing correlate with measures of other types of activity, such as gestures 
or use of space in relation to prototyping, and their mutual influence.
The next sections report the results obtained from applying the PMTA to the skill- 
building task experiments and main design task experiments conducted at Central 
Saint Martins.
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6.2 Skill-building task analysis
The analysis first takes a look at the results from the skill-building tasks. These 
shorter and more controlled segments of the experiments conducted allow for a 
focused and congruent comparison of the design activities taking place. First, a 
look at the intensity of movements will be taken. With the use of the Proxemic 
Motion Trace Analysis, the participants' individual movements can be visualised 
and combined in order to identify whether both of them were equally active or not, 
as well as to reveal the location of their activities and centre of attention. In a second 
analysis, the rate of talk will be measured. The rate as well as the spatial zones, where 
the individual participants were active in, were recorded. This analysis of the data 
aimed to reveal whether there might be design activities that are more amenable to 
verbalisation and vice versa. A third look categorises the gestures occurring during 
the conversation into three different types. Plotted along the same timeline, these 
types might indicate how the designers tackled the problem at hand, i.e. whether 
they contemplated a solution beforehand or whether it emerged while working 
on the prototypes. Transcript analysis is then being used to validate or refute the 
observations made in the previous steps. In the last analysis, an in-depth look is 
being taken into the emergence of ideas and concepts during the design process. 
In combination with the PMTA, linkograph and transcripts, this investigation can 
reveal just how the design processes evolved when using different prototyping 
media.
6.2.1 Intensity of movement
The visual analysis of the recorded hand movements in 23 experiments shows 
that the interpersonal space between the two participants was used significantly 
more when employing a three-dimensional prototyping material compared to 
using sketching. A comparison of hand movements between the selected three- 
dimensional prototyping materials and sketching in three randomly chosen 
experiments is shown in Figures 69-71. A square outline indicates the interpersonal 
space, which was marked as the red zone in the spatial grid used (see Chapter 
5). Another noticeable result is the observation that the individual participants,
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w hen using sketching, paused more in their design process. The dots and circles, 
indicating periods without hand m ovement, seem  to be larger and located 
significantly wider away from each other w hen sketching than w hen using one of 
the three-dim ensional prototyping materials provided: Lego, clay and cardboard.
Figure 69 illustrates the stark contrast between the proxemic m otion traces 
produced w hen using Lego as prototyping m edium  and the sketching condition in 
the skill-building task of experim ent 20. The two visualisations show significantly 
m ore hand m ovem ents w hen using Lego than w hen sketching. Furthermore, 
the participants paused for longer and more often w hen sketching, as indicated 
by the size and num ber of the dots and circles. The square outline indicating the 
location of the shared interpersonal space between the participants shows a strong 
difference regarding the intensity of m ovem ents taking place within this area. In 
term s of connectedness, the collaborative activity taking place in this example 
shows a strong symmetry of interaction w hen using Lego, while showing a weak 
sym m etry in the sketching condition with the participant on the left dom inating 
the interpersonal space.
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Figure 69: Comparison of the use of interpersonal space with Lego (left) and sketching (right).
Figure 70 shows a similar picture regarding the difference in the intensity of 
m ovem ent betw een clay and sketching in the skill-building tasks of experiment 
12. While the symmetry of interaction appears to be a little weaker in this 
example w hen using clay, the intensity of m ovem ents and the sharedness of the 
interpersonal space depict an intensive activity of both participants in this area.
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W hen using sketching, however, the low degree of intensity in the interpersonal 
space is evident, although the symmetry of interaction is a little stronger com pared 
to experim ent 20.
Figure 70: Comparison of use of interpersonal space with clay (left) and sketching (right).
Figure 71 depicts the visualisations of experim ent 16 using cardboard and sketching. 
As in the previous examples, the difference betw een the three-dim ensional 
prototyping m edium  and sketching is significant. Particularly in this experiment, 
w hen using cardboard the m otion traces seem  to intermingle, while the traces in 
the sketching condition hardly touch each other.
* .
Figure 71: Comparison of use of interpersonal space with cardboard (left) and sketching (right).
The com parison of the m otion trace analyses generated in the individual 
experiments reveals some consistent patterns. Figure 72 illustrates a limited use 
of the interpersonal space in the sketching experiments, with more activity taking 
place individually and with long and frequent phases of inactivity. A com parison
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of the m otion traces of four randomly chosen experiments (16, 17, 20 and 22) 
shows the repetition of a similar pattern. Notably, all four visualisations show 
frequent and long phases of inactivity (indicated by the dots and circles), as well as 
a low m otional intensity in the interpersonal spaces. In addition, they seem  to be 
manually dominated, i.e. one participant shows more hand movements, to some 
degree in all experiments.
m # '
Figure 72: Proxemic m otion trace analyses in the sketching condition.
Contrasting these analyses of sketching, as the control condition, to the movem ents 
recorded in the Lego, cardboard and clay experiments, a m uch stronger intensity 
in the interpersonal area can be noticed w hen using one of the latter. Figure 73 
depicts the proxemic m otion trace analysis of the same experiments using Lego 
as prototyping material. It reveals an intense use of the shared space between 
two participants, as well as the frequent use of the box containing the Lego bricks 
provided in the experimental set-up. In general, the participants spent more time 
com pleting the Lego task than the sketching task. Apart from the high intensity
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of the m otional activity in these patterns, the accentuated interm ingling of the 
individual participants' m otion traces is a striking feature of these experiments.
Figure 73: Proxemic m otion trace analysis in the Lego condition.
A similar pattern could be recognised in the clay and cardboard conditions. Though 
slightly less intense, the use of the shared space betw een the participants was 
significantly higher com pared to the sketching condition. In addition, the num ber 
and sizes of the dots and circles indicating phases of inactivity rem ained lower 
and smaller com pared to the analyses of the sketching experiments. The cardboard 
condition also featured a strong use of the interpersonal space and shorter phases 
of inactivity, although, com pared to the other three-dim ensional materials, it 
appears to be the least intensive.
Examining the individual participants' hand m ovem ents more closely reveals 
differences in the use of the interpersonal space in more detail. Figure 74 clearly 
indicates that in the Lego condition the frequency of use of the interpersonal space 
of the individual participants is very high. There are dots indicating inactivities, but 
they tend to be short and located often within the interpersonal space.
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Figure 74: Individual hand m ovements of participants A1 (left) and A2 (right) using Lego. The square 
outlines indicate the location of the interpersonal space, the rhombus the location of the material box 
containing Lego.
W hen com paring this m otion trace analysis to the hand m ovem ents occurring 
in the sketching condition, a stark difference is obvious. Figure 75, showing the 
individual hand m ovem ents of two participants, illustrates that there is m uch less 
activity here, more centred on the individual space, with the use of interpersonal 
space restricted. The activity observed in this analysis then, is less obviously 
collaborative, with the traces indicating m ore static activity.
Figure 75: Individual hand m ovem ents of participants A1 (left) and A2 (right) using sketching. The 
square outlines indicate the location of the interpersonal space, the rhombus the location of the box 
containing the sketching material.
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6.2.2 Emergence of concepts
Having observed differences in the way the individual materials seem to influence 
at which point of the design process ideas emerge, indicated by the use of different 
kinds of gestures in the pilot study analyses, the emergence of concepts in the 
design processes of twelve selected skill-building tasks was analysed in more detail. 
These analyses produced similar results.
When using cardboard, for example, most ideas were discussed at the beginning 
of the task (Figures 80-82). Notably, all ideas discussed expressed thoughts about 
the actual structure and production of the cube. None represented a metaphorical 
expression of an idea.
For the analysis of the emergence of concepts, the hand movements recorded were 
plotted on a timeline, showing the cumulative motion traces for each minute of the 
design process. The concepts emerging during the experiment were recorded in 
intervals of five seconds and also plotted on the same timeline, in row 4 under the 
motion traces. Furthermore, the origin of the concepts -  for example a participant 
proposing a specific idea while pointing to the cube model -  was recorded. The 
numbers in the motion traces indicate where the main focus of attention was while 
the idea had been put forward.
In experiment 16, using cardboard, a cumulation of emerging concepts can be 
observed within the first 65 seconds. After that, individual concepts are then only 
being suggested sporadically (Figure 76).
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Figure 76: W hen using cardboard, m ost ideas were discussed at the beginning of the task in 
experiment 16.
In all three cardboard tasks analysed, work on the cube was divided, so the 
participants could work on their own. Working with cardboard seem ed to lead 
the participants to work mostly w ithin their own personal space, not using the 
interpersonal space betw een them  intensively. The m otion traces recorded in 
experim ent 19 illustrate this observation well. As with the other cardboard analyses, 
this task shows a strong cum ulation of concepts at the beginning of the design 
process (Figure 77). In addition, the locations of the concepts' origins seem  to be 
within or near the interpersonal space between the participants.
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Figure 77: When using cardboard, m ost ideas were discussed at the beginning of the task in 
experiment 19.
Experiment 22 echoes the previous observations. The m otion traces of this analysis, 
however, seem  a little distorted. This is mainly due to the location of the material 
box containing the cardboard, being positioned on the far right side (Figure 78).
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Figure 78: W hen using cardboard, most ideas were discussed at the beginning of the task in 
experim ent 22.
Using day  to model the cube, the participants showed differences in the discussion 
of their ideas. In experiment 16, the participants expressed m ost ideas in the middle 
of the task (Figure 79).
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Figure 79: Using clay, ideas were expressed in the middle of the task in experiment 16.
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In experim ent 19, no apparent discussion of the cube's design took place (Figure
80). Only at the very end of the task did the participants discuss what nam e they 
should give their solution.
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Figure 80: In experiment 19, using clay, no apparent discussion of design ideas took place until the very 
end.
In experim ent 22, m ost ideas were discussed at the beginning of the task (Figure
81). Here the participants decided first to build four little cubes which were planned 
to be stuck together forming a larger one at the end. Only at the end was this idea 
throw n out and one little cube designated as the final solution.
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Figure 81: In experiment 22, using clay, most ideas were expressed at the beginning of the task.
Apart from discussing the nam e of the final design solution in experim ent 19, all 
ideas expressed in the clay tasks concerned the shape, dim ension and production
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of the cubes. The interpersonal space between the two participants was used in 
different ways. In experim ent 16 and 19, the shared space was used quite intensively. 
In experim ent 22, the two participants worked mostly in their own spaces.
The Lego condition offers a different picture. In the experiments using Lego as 
prototyping material, the participants discussed their ideas at the beginning and the 
end of the task in experiments 16 and 22 (Figures 82 b 83), or constantly throughout 
the task in experim ent 19 (Figure 84).
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Figure 82: Discussion of design ideas at the beginning and end of the task in experiment 16 using Lego.
Notably, the experiments where the discussion of the concepts was at the 
beginning or end of the task, were significantly shorter (up to three minutes), than 
the experim ent where the concepts had been discussed throughout the task (seven 
minutes).
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Figure 83: Discussion of design ideas at the beginning and end of the task in experiment 22 using Lego.
A com m on feature, however, was the notion that the participants, after agreeing 
to a specific design solution, worked quietly on the same cube in the middle of the 
interpersonal space.
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Figure 84: Discussion of design ideas throughout the task in experiment 19 using Lego.
Comparing the three-dim ensional materials to the tw o-dim ensional m edium  
of the sketching condition, several differences seem  worthwhile to notice. As 
previously observed, the interpersonal space between the two participants is used 
the least intensively w hen sketching. The participants paused significantly longer 
than w hen using other materials. In the examples analysed, the participants agreed 
upon a basic approach to accomplish the task's objective at the beginning, as in 
experiments 16 with the idea of a "basic cube", in experim ent 19 with the idea to 
draw it in perspective, and in experim ent 22 to divide the task into drawing the 
skeleton of a cube and to then colour it (Figures 85, 86 and 87). These original 
ideas were not altered during the experiments. In experim ent 16, other ideas were 
expressed, like drawing it in a Cubist m anner or not drawing a conventional cube. 
These ideas, however, were not acted upon.
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Figure 85: Experiment 16 using the sketching condition.
In experim ent 19, the participants added two ideas at the end of the task, 
incorporating a shadow and a light source to the cube.
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Figure 86: Experiment 19 using the sketching condition.
In experim ent 22, apart from the initial discussion of the division of the task in 
skeleton and colouring, no ideas were discussed.
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Figure 87: Experiment 22 using the sketching condition.
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6.3 Main design task analysis
Through their limited scope and rather specifically formulated task, the skill -building 
tasks provided a focused look at the collaborative design activities being performed 
in the controlled experiments using individual prototyping media. However, in 
practice, design tasks are rarely that simple and straightforward, but m uch more 
likely to be characterised by their complexity and indeterminate nature. In addition, 
designers tend not to limit themselves to one specific prototyping medium, but 
to use the full spectrum available. Therefore, the findings from the skill-building 
task analyses have to be interpreted considering their limitations. The main design 
tasks were conducted to analyse collaborative design activities informed by more 
complexity. In order to provide a more complex task, the participants were asked to 
build an electronic device that could convey simple gestures over a distance. This 
required the participants to take more dimensions into account (like functionality, 
handling, usage or social acceptance) when developing a design solution, than in 
the skill-building tasks, where they could focus merely on the aesthetic form of the 
square cube.
From the 23 main design tasks, seven experiments were chosen for an in-depth 
analysis using PMTA and the adapted linkography to provide an integrated view 
of the observed design processes. Looking at the different kinds of data collected 
in the PMTAs and linkographs, it is possible to get an understanding of qualitative 
characteristics of the collaboration taking place during the observed design 
activities. One such aspect, already introduced earlier, is connectedness, denoting 
the specific characteristic of the co-located collaborative design processes observed, 
i.e. the symmetry of interaction, the equality of contribution and the mutuality of 
cognitive influence. In their combined view, these aspects of collaboration can 
help to measure how connected the design activity is that takes place between the 
participants in individual phases of the process.
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In addition, for each experiment, the artefacts produced (prototypes and sketches) 
were depicted and analysed. By looking at the artefacts themselves, findings made in 
the PMTAs and linkographs could be corroborated. On the one hand, they illustrate 
how individual design moves were implemented in the final design solution, and, 
on the other hand, they reveal much about the design process itself by showing 
how elaborately or rudimentarily they were produced. Furthermore, they indicate 
how intensely the individual materials were used in the production of the artefact.
The individual tasks were selected to provide insight into different types of 
collaborative design activities with various degrees of connectedness observed 
in the experiments. Apart from providing a more integrated view of the design 
process, the second main focus of this thesis's research -  to better understand 
how different types of prototyping materials inform collaborative design activities 
-  was addressed by choosing the experiments according to the materials and 
combination of materials that were used. Experiment 1, for example, used all three- 
dimensional prototyping materials provided in their final solution. Experiment 5, in 
contrast, used almost exclusively clay to model the prototype. Experiments 19 and 
22 used a combination of the two-dimensional sketching and three-dimensional 
prototyping materials, although only the latter used a sketch in their final design 
solution. In experiments 12 and 16, the participants used only sketching as 
the control condition. This selection of experiments allowed an analysis of five 
examples of three-dimensional prototyping -  with both a combination of the 
prototyping materials provided, as well as a focus on one specific material -  and 
a comparison of these with the two-dimensional sketching condition. Table 12 
provides an overview of the key points of each experiment chosen for the analysis:
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Experiment Materials 
used in 
process
(in order of 
appearance)
Materials 
used in final 
design 
solution
(in order of 
importance)
Key
characteristics
Experiment 1 (1) Lego
(2) Clay
(3) Cardboard
(1) Lego
(2) Clay
(3) Cardboard
Using all three-dimensional prototyping media, a 
symmetry of interaction was observed
Experiment 4 (1) Clay
(2) Lego
(3) Cardboard
(1) Lego
(2) Clay
(3) Cardboard
Using three-dimensional prototyping media 
from the start, a very productive individual but 
connected collaboration was observed
Experiment 5 (1) Clay
(2) Lego
(1) Clay
(2) Lego
Using clay and Lego after a long discussion w ith­
out prototyping media, a thorough investigative 
collaboration was observed
Experiment 12 (1) Sketching (1) Sketching Using only sketching, a collaboration character­
ised by an increasing degree o f separateness was 
observed
Experiment 16 (1) Sketching (1) Sketching Using only sketching, a separated collaboration 
was observed
Experiment 19 (1) Sketching
(2) Clay
(1) Clay
(2) Cardboard
Using first sketching and then clay, a switch from 
a separated to a connected collaboration was 
observed
Experiment 22 (1) Cardboard
(2) Sketching
(3) Lego
(4) Clay
(1) Cardboard
(2) Lego
(3) Clay
Using all prototyping media, a connected collab­
oration was observed
Table 12: Overview of the selected experiments' key characteristics.
As a main similarity, all the experiments in which three-dimensional prototyping 
media were used showed collaborative design activities that could be described as 
highly connected. In the two experiments analysed for their use of the sketching 
condition, this was only the case in one experiment, with the notable difference 
that the collaboration changed from highly connected to a disconnected and 
dominated but active type of collaboration. This observation might be significant 
and potentially a rewarding subject for an in-depth investigation.
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The experiments analysed in this chapter will be presented in the order listed 
in Table 14. The first three experiments (1, 4 and 5) will provide an insight into 
collaborative design processes informed by three-dimensional materials. They 
show how the design process is informed when using a combination of three- 
dimensional prototyping media (experiments 1 b 4), and when focusing almost 
exclusively on one material (experiment 5). To contrast these observations, the two 
experiments featuring the sketching condition will be presented (experiments 12 b 
16). These show how the design process is informed when restricted to using only 
two-dimensional sketching. The experiments 19 and 22 will then provide more 
insight into the design processes in which a combination of sketching and three- 
dimensional prototyping is applied.
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6.3.1 Experiment 1: symmetric collaboration
Experiment 1, where the participants used only three-dimensional prototyping 
media, could be described as a good example of a symmetric collaboration. 
Throughout the design process both designers contributed in equal measure to 
the design solution in terms of design moves and motional activity (Figure 92). 
Overall, the motion traces share a somewhat congruent intensity. Regarding the 
symmetry of movements, the participant on the right side tends to use more space. 
However, this might be due to the location of the materials boxes. For example, 
Lego, which is being used heavily in this design task, produces many m otion traces 
recording the participants picking out individual bricks and elements throughout 
the design task. In contrast, with taking out the sketch pad and pencils, sketching 
often produces only very few motion traces. With the Lego box being located on 
the far right side, the interpretation lends itself that the participant sitting next to it 
was picking out the bricks while the other did not use the box often. Thus, taking 
this circumstance into account, the pattern of the motion traces can be described 
as rather symmetric.
Another observation worth noticing is to be seen once the participants start using 
the prototyping materials after around ten minutes. While the locus of activities is 
split into two areas, one within each participant's personal space, after starting to 
use the materials they seem to converge rather quickly. The two PMTAs for minutes 
5-10 and for minutes 10-15 illustrate this observation quite explicitly. In the first, the 
participants' hand movements are located within their personal space, in the latter, 
the movements can be recorded being m uch closer together.
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Figure 88: Emergence of ideas and concepts in experiment 1.
The participants spend quite a significant portion of their time brainstorm ing 
different ideas, w ithout using any material at all. Only after ten m inutes is Lego 
being used. The designers first explore different ideas w ithout sticking too m uch to 
them  (Figures 89 b 90). Functional requirem ents and aspects, like the portability of 
the device or individual features like lighting up, are being discussed sim ultaneously 
with possible solutions. From early on, a com m on understanding was reached 
regarding the final solution being portable.
[4]
[1] Wifi Dress
[3] „How can we 
connect these two 
things together?
[...] we can make 
something which is 
portable."
„It can light up"
[6] „I think 
it should be 
smaller, like 
hand-size."
[2] „An appliance 
where [...] you put 
your hand inside 
or you touch it and 
whenever you touch 
it, it reacts with your 
body and you feel 
what the other one is 
feeling."
Time
Concepts/
Ideas
[5] „It can be a small 
device like uhm... 
thicker than a tablet,
 > like the iPad, so that
00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00 it is affected by your
hand [...] the touch
1 0  7  a n a sense.
Materials used
_Sketchmg
_Lego
_Cardboard
_Clay
Figure 89: Design moves occurring between m inutes 0-5 of experiment 1.
Having implicitly agreed upon the requirem ent of portability, the designers 
brainstorm around different forms possible to address this issue. The ideas of a 
necklace, bracelet, glove and watch are being proposed. Simultaneously, different 
functional aspects are being explored, such as the device being able to transm it 
electricity or the adjustm ent of the size (Figure 90).
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[9] „It has to be 
something that 
people can 
everyday like... 
like a necklace."
[7] .It can be like 
a watch that has 
big screen."
„We can take 
these things and 
adjust it like that 
for the size."
[10] .Something­
like this?" - „a 
bracelet?"
.1 imagine 
it transmitting 
electricity in 
your hand."
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
Concepts/ 7 8 9 10 11 12
Ideas
Materials used
_Sketching
_Lego
_Cardboard
-Clay
Figure 90: Design moves occurring between m inutes 5-10 of experiment 1.
Interestingly, the two participants move on developing their solution without 
explicitly deciding on any one of the ideas expressed. The decision appears to 
be m ade on a non-verbalised level. Obviously, starting at ten m inutes into the 
experiment, the participants are working on a model first using Lego, adding clay 
later on (Figure 91). Significantly, the nature of design moves or ideas contributed 
changed. During the brainstorm ing phase, m ost ideas seem  to have been some 
sort of outside reference, like a dress, a bracelet or a glove. Once working with the 
material, the contributions are m uch more focused on the functional and aesthetic 
aspects of the solution.
The segm ents depicted in Figures 90 b 91, illustrate another observation. While 
using Lego as a prototyping material, the participants design moves revolved 
around functional aspects, like adjusting the size (design move 12), a small person
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appearing talking to the user (design move 13), and connecting to WiFi (design 
move 14). As soon as clay is being used, the contributions concerned aesthetic 
attributes of the design solution, like a more organic shape (design move 15) and 
choosing the colour (design move 16).
[16] „Maybe you can 
choose what colour 
when buying it [...] the 
outside of it."
[14] „This one can 
connect to the wifi."
—O . B
[15] „We need 
to find a more 
organic shape 
we can make 
the ending more 
soft"
[13] „there is a 
small person 
appearing from 
the... talking to 
you."
 >
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 13 14 15 16
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 91: Design moves occurring between m inutes 10-15 of experiment 1.
Figure 92 further consolidates this observation, with the use of all three - dim ensional 
prototyping media used and the intensity of the motional activity high for both 
participants.
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[17] „If I want to send so ­
mething, can I use this one 
to send something?" - „You 
can talk to it [...] Let's just 
assume that it recognises 
your voice as well."
[19] „We don't have a place 
for this guy [holds up Lego 
figure]." - „Maybe inside 
this and if you touch some 
button it..." - „It appears 
[...] or we can remove one 
corner of it [the screen] 
and put him over there."
[18] „We can make a clear 
screen."
 >
Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 17 18 19
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 92: Design moves occurring between minutes 15-20 of experiment 1.
While the contributions by the individual participants seem  to be rather congruent 
in their number, another observation supports the interpretation of a mutually 
connected design activity taking place in this experiment. Figure 93 shows 
three design moves proposed by the designers. While design move 21 is a rather 
straightforward statem ent regarding som e new  requirements, design moves 
20 and 22 indicate a rather close and symmetric collaboration. In move 20, one 
participant asks, "How do you connect it to your computer? You connect it here?" 
This is a design move inviting the other participant directly to contribute one's 
thoughts for a specific feature of the design solution. In addition, design move 22 
occurs within a context of symmetric collaboration. Occurring in the middle of
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the interpersonal space betw een the participants, like design moves 20 and 21, 
the suggestion of incorporating different kinds of buttons is taken up by the other 
participant im mediately by specifying the individual functions. This indicates a 
kind of design collaboration that is not inhibited or distorted by asymm etric status, 
knowledge or engagem ent of the two participants.
[22] „Maybe just 
some import­
ant buttons like 
,hug',,greet' 
something." - „You 
can have like 
.caring', .loving', 
.support'."
[20] „How do you 
connect it to your
You
connect it here?"
[21] ..Instead of 
having a
touch screen, we 
also need some 
buttons."
 >
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
Concepts/ 20 21 22
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 93: Design moves occurring between minutes 20-25 of experiment 1.
In figure 94 one participants is contributing all the design moves, suggesting 
im provements to the design solution.
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[25] „I think you also 
need something to 
recharge it, like the 
mobile."
[24] „Maybe we 
shoud design 
something on the 
screen... so this will 
be the screen... and 
probably in here you 
can see [inaudible]."
[23] „The buttons 
need to be m uch big­
ger, because it needs 
to be easy for people 
to touch."
 >
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/ 23 24 25
Ideas
Materials used
.Sketching
_Lego
.Cardboard
-Clay
Figure 94: Design moves occurring between minutes 25-30 of experiment 1.
In the final segm ent of this experiment (figure 95), no design moves were proposed. 
The design solution seems to be com pleted in m inute 22.
£
Time 30:30 31:00 31:30 32:00 32:30 33:00 33:30 34:00 34:20 35:00
Concepts/
Ideas
Materials used
-Sketching
_Lego
-Cardboard
_Clay
Figure 95: Design moves occurring between m inutes 30-35 of experiment 1
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Linkograph
The linkograph of experiment 1 shows, not surprisingly, several orphan moves 
within the brainstorming phase of the design process (Figure 96). The very first 
move, however, proposing a 'WiFi dress', has a relatively long link span, indicating 
its importance. The idea of integrating a WiFi functionality into the design solution 
appears to have been a concern of one of the participants, as it has been taken 
up again in the third segment (minutes 10-15) in design move 14. However, it is 
subsequently not developed further, indicating that the participant did not fixate 
on this particular idea throughout the process.
Another, seemingly more important link span or series of link spans, is to be 
discerned between the moves 7, 18 and 23. These moves spread over almost 
the entire design process. In these individual contributions, the idea of a screen 
incorporated in the design solution is being proposed, explored and defined, 
indicating this to be a prominent feature of the final design solution.
Regarding observable patterns, no significant emphasis occurred. A web pattern 
can somewhat be discerned, indicating passages of thorough inquiry into a 
specific design issue. Interestingly, no strong sawtooth pattern, indicating linear 
thinking, can be observed. While starting to work on an implicitly agreed upon 
design solution ten minutes into the design process and progressing in developing 
this solution throughout, the focus or the holistic perspective has been preserved 
by the participants.
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Figure 96: Combined view of Proxemic Motion Trace Analysis and Linkograph in experiment 1.
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Artefacts produced
The prototype produced appears to reflect the symmetric nature of the collaboration 
in this experim ent (Figure 97). The design solution is quite detailed in regard to the 
device's functionality, indicating that both participants worked in the sam e design 
direction.
Figure 97: Prototype of the device made of Lego, clay and cardboard.
Connectedness
Measuring the connectedness of the collaborative design activities in experim ent 
1, a slightly inconsistent picture can be seen (Figure 98), with scores ranging from 
the m edian value of 6 to the m axim um  of 9. The lowest value occurs in the middle 
of the process, with the participants showing symmetrical m otional activity, but 
the contribution of design moves is biased strongly towards one of them. During 
the brainstorm ing phase in the first two segments, w hich is also being indicated 
by the two separated patterns of the motional activity, both participants seem  to be 
engaged som ewhat equally in the process. The highest value of 9 was calculated 
for segm ent 3. The PMTA of this segm ent indicates that collaborative work has 
moved to the interpersonal space right between the two participants. Overall, the 
design activity occurring shows a high degree of connectedness. This dropped off 
a little in segm ents 2 and 4 with a value of 6. Here, although the m otional activity
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is equal, the ratio of contributed design moves is clearly biased. In the very next 
segments, 3 and 5 respectively, however, the collaborative design activity changed 
back to a high degree of connectedness. This picture repeats itself in the next 
few segments, with both participants still being engaged som ewhat equally in 
the design process. In the very last segm ent no design moves were proposed by 
neither of the participants, while both showed more or less equal motional activity.
Experiment 1 1 Symmetric Collaboration
Degree of C onnectedness per Observational Segment
0-5 5-10 
Min Min
10-15
Min
15-20
Min
20-25
Min
l 25-30 
Min
30-35 35-40 
Min min
Degree of symmetrical motion 
traces b synchronous motional 
activity
3 3 3 3 3 3 3
Ratio of contributed ideas/de­
sign moves
3 1 3 1 2 1 3
Degree of linkage between ide­
as/design moves
2 2 3 2 3 3 1
Degree of connectedness 8 6 9 6 8 7 7
(Lowest value: 3, highest value: 9) 
0-5 min 5-10 min 10-15 min
1. . .  3 V 2 5 
4 
6
«•* •'-V*
9
10 
‘ *•«
78 
12 11
i
16-
1413
15
15-20 min 20-25 min 25-30 min
17 ■ 
19 
- 18
20.
2221
2524
23'
30-35 min
Figure 98: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 1.
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Summary of  experiment  1
The design activity observed in this example can be described as symmetric 
collaboration. The motional activities of the participants were congruent in their 
intensity throughout the experiment, showing the maximum score in each 5- 
minute segment analysed. Notably, the connectedness of the collaboration 
could also be identified in the types of verbal expressions, with instances where 
one participant would invite the other to contribute their thoughts on a specific 
feature of the design solution. Once starting to use the three-dimensional 
materials, the motional activity began to converge in the shared space between 
the participants. Using the materials, the participants started working on the 
design solution without verbally agreeing on a specific design direction. This 
reflects the contrasting observation made in the linkograph analysis, where most 
orphan moves -  indicating that the design idea was not followed upon -  appeared 
before the prototyping activity in the brainstorming phase. While prototyping, the 
conversation was mainly concerned with functional aspects when using Lego, 
and aesthetic aspects when using clay. In this experiment, the participants used 
predominantly Lego and clay as prototyping media. The next example looks at a 
different kind of collaborative activity taking place while using the same materials.
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6.3.2 Experiment 4: connected individual collaboration
Experiment 4 is an example of a connected individual collaboration, with the 
participants using the sam e materials as in experim ent 1. In contrast to the 
former, however, in this example the participants started using three-dim ensional 
prototyping m edia right from the beginning of the design process. The first material 
chosen, after around 30 seconds, was clay, w hich was soon com bined with Lego 
after two minutes. The seem ingly asymmetric shapes of the participants' individual 
m otion traces can to a large degree be attributed to the location of the boxes 
containing the materials (Figure 99). In this instance, the Lego box was positioned 
on the left side, resulting in more m otion traces leading to the box generated by the 
participant on the left.
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5 min 10 mm 15 min
Minutes Minutes Minutes
1 2 3 j 4 | 5 1 6 | 7 1 1 8 I 9 10 11 12 [ 13 | [ 14 1 15 |
Concepts Concepts Concepts
1 2 3, 5, 7 
4 6
8 9 10 11 12 13 14 15 16 17
Materials used Materials used Materials used
Sketching
Lego
Cardboard
Clay
18 22 23 25 26 
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20 mm 25 min 30 min
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| 18 j 1 19 1 20[ j 21 { : 22 j ~j 23 1 [ 24 | j 25 ] 26 ] ] 27 | | 28 | 1 29 j j 30
Concepts Concepts Concepts
18 19 20 21 22 23, 25, 27 28, 30,
24 26 29 31
Materials used Materials used Materials used
Figure 99: Emergence of ideas and concepts in experiment 4,
Sketching
Lego
Cardboard
Clay
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Noticeably, the m ain proxemic activity took place overlapping to a large degree. 
However, the activity did not seem  to be focused as observed in other experiments: 
for example, in experim ent 22 or individual segm ents of experiments 1 and 19. This 
m ight be due to the nature of the artefact produced, w hich had quite an elongated 
shape (Figure 100).
Figure 100: Image of the elongated shape of the artefact produced in experiment 4.
The only significant separation of m otion trace activity could be discerned in the 
segm ent recording m inutes 20 to 25. During this phase of the design process the 
participants retreated to their personal spaces. This coincided with a period of 
about two m inutes where the participants did not use any prototyping material at 
all, but where they were reflecting and discussing the next steps in design move 21, 
"Maybe, we can show the last scene where we're celebrating" and design move 22, 
"Oh, we can show the part [where] you record the message".
Figure 101 illustrates the types of expressions occurring in the first five m inutes of 
the experiment. Interestingly, in this segm ent the participants started using clay 
and Lego before they had agreed upon a design direction. They start with design 
move 1, proposing "You post a telegram, I open it and a screen appears". After an 
interjection, asking for incorporating touch into the concept, this original idea is 
then being developed in a rather linear fashion in the following design moves. 
Noticeably, the brainstorm ing phase at the beginning of the design process, 
observed in other experiments, is very short in this instance, virtually non-existent.
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In contrast to m ost other experiments, the breadth of possible solutions to tackle the 
design task is not being explored in this initial phase, although, comparatively, the 
m otion traces did occur closer together than observed in other design processes.
[2] „How can 
we recreate the 
touching?"
[7] „We can just create 
the moving... like a 
storyboard. A 3D sto­
ryboard."
[6] .It is just the body 
that is fake."
[4] „And it takes the 
form of the person, 
like Barbapapa."
[1] „You post a 
telegram, I open 
it and a screen 
appears."
[5] .But I want 
to see your face 
also."
[3] „Maybe it's 
like putty, like 
clay, you send 
in a pack and it 
comes out."
 >
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00
Concepts/ 1 2 3,4 5,6 7
Ideas
Materials used
..Sketching
_Lego
_Cardboard
_Clay
Figure 101: Design moves occurring between m inutes 0-5 in experiment 4.
Design move 7 proposes, after about three minutes, how  the idea can be m anifested 
in an artefact. While in other experiments, m ost of the participants rem ain in the 
brainstorm ing phase, this represents a very early notion towards producing a 
tangible artefact, echoing the rather linear nature of the design activity.
Figure 102 illustrates this observation in more detail. While in the previous segm ent 
the design moves represented som ew hat general propositions for the design 
solution, after about five minutes, they express very specific and relatively small 
iterations or design decisions focused on the production of the artefact. The shapes
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of the recorded m otion traces indicate overlapping but also individual activities not 
directly taking place in the middle of the interpersonal space, depicting an interplay 
of individual reflections and joint work on the artefact.
[9] „You can create the 
context. "[91
[12] „I want to have one 
arm going out, just to 
show the transforma­
tion."
[13] „This is our story­
board, okay? It's the base 
[grabs a piece of card­
board]." >
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
[11] „And this is you [...] 
and you go ahh! [gestu­
res being surprised] - it's 
the user experience, 
.surprise!'"
[8 ] „ [inaudible] like the 
beginning of the head 
[...] its a beginning, okay 
- and the it become like 
half-ways without the 
hands."
[10] „See 
this? It flies 
and comes, 
okay?"
Concepts/ 8 9 10 11 12 13
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 102: Design moves occurring betw een m inutes 5-10 in experiment 4.
In segm ent 3 (Figure 103) the participants continue to refine their design solution, 
seemingly being inspired by the Lego elements.
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[15] .Ah, a
 >
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 14 15 16 17
Ideas
Materials used
-Sketching
_Lego
-Cardboard
-Clay
Figure 103: Design moves occurring between minutes 10-15 in experiment 4.
Notably, Figure 104 depicts a segm ent with relatively few proposed design moves, 
but continuing motional activity. As investigated previously in the m easurem ents 
of the rate of talk in design processes, in this segment, too, design activities not 
am enable to verbalisation m ight predominate. This would be som ewhat in 
accordance with the discerned notion towards the production of an artefact and 
the early use of the prototyping materials.
[14] „r m celebra­
ting [inaudible] 
[puts Lego piece 
on top of one 
figure]."
[16] „How can I 
show it like that? 
[...] like a window!"
[17] „Maybe I'll do 
it like this, with 
four blocks."
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[19] „Do you want 
to have the same 
body?" - „Maybe, I
[18] „You can--------------------- j.  _____ can become nor -
do yourself, * * W  ' ~ WQj—-----------” mal. It's easier to
like: ,Ah! A mail . : y .r-mb& • -*- show expression
coming! „ with this one."
 ^
Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 18 19
Ideas
Materials used
_Sketching
_Lego
.Cardboard
_Clay
Figure 104: Design moves occurring between m inutes 15-20 in experim ent 4.
In the segm ent shown in Figure 105, the m otion traces separate them selves from 
each other distinctively. While in all other segm ents of this experiment, the traces 
appear rather closely connected, after about 22 m inutes into the design process, 
the participants take a step back and to reflect for a brief m om ent, not using any 
prototyping media between m inutes 22 and 24. The thoughts expressed in the 
individual design moves echo a reorientation of the process taking place. The 
consecutive design moves 21 ("maybe, we can show the last scene w here we're 
celebrating") and 22 ("oh, we can show the part [where] you record the message") 
express the participants' search for possibilities or directions in w hich to develop 
their design solution. Interestingly, this reorientation did not produce any dots or
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circles indicating m otional inactivity. This was due to the specific use of the artefact, 
w hich was not worked on during that phase in a physical sense, but served as an 
externalised concept in which specific parts were pointed out in the discussion.
[23] „I speak to the bowl 
[mimikmg talking into a 
Lego bowl]"
[22] „Oh, we can show 
the part [where] you 
record the message."
[25] „And you have a 
programme like this? A 
programme that moves 
plasticine into [gesturing 
with arms]."
[26] „Oh, you can show 
a video. You take a video 
of yourself and you put 
it into the com puter and 
the com puter just trans­
forms it in [waves] in 
plasticine."
[20] „What expression 
can you just have here?" 
- „I can hug- I can begin 
hugging"
[27] „This is a video, 
okay? [...] Oh, like kinect, 
you know?! And it re­
cords all your gestures."
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
Concepts/ 20 21 22 23,24 25,26 27
Ideas
Materials used
_Sketching
-Lego
_Cardboard
_Clay
Figure 105: Design moves occurring between m inutes 20-25 in experiment 4.
[21] „Maybe, 
we can show 
the last scene 
where we're 
celebrating."
[24] „No, you 
have to have 
something 
computer ge­
nerated."
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In the last segm ent (Figure 106) the participants continue working with Lego until 
m inute 28 with a high intensity in the motional activity.
[29] „And ever­
ything that has 
been recorded 
with the kinect, 
like the gestures 
and everything, is 
transformed by the 
computer and this 
is the transforma­
tion [...] this is the 
transformation 
pod, okay?
[31] „This can 
be data [joins a 
chain-like piece 
of Lego].''
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/ 28,29 30,31
Ideas
Materials used
_Sketching
-Lego
_Cardboard
_Clay
Figure 106: Design moves occurring between m inutes 25-30 in experiment 4.
[28] „We need a 
keyboard."
[30] „It should 
be connected."
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Linkograph
Taking a closer look at the linkograph depiction of the design process in experiment 
4, the observations made above can be seen, too. The rather linear thinking early- 
on in the process, is represented by the slightly opened up sawtooth pattern (which 
is also, to some degree, distorted by the gap between design move 7 and 8, due to 
the combined depiction with the PMTA). Only four orphan moves can be counted 
throughout the experiment. Particularly in the early brainstorming phase, where 
the proposition of design moves which are not developed any further is expected, 
only two orphan moves can be recorded.
Significantly, in the two segments between minutes 10-15 and minutes 15-20, 
the observation of non-verbalised design activity made in Figure 104 appears to 
be echoed. Although only very few verbalised design moves are recorded during 
this period, the motional activity did not seem to decline. Quite on the contrary, 
when looking at the PMTAs in these two segments, the patterns visualised seem 
to show the most connected and overlapping motion traces of the design process, 
indicating a very active and close collaboration.
In the last two segments, a triangle pattern or chunk emerges. According to 
Goldschmidt (2014), chunks represent "cross-examination of relevant properties, 
related questions, and possible implications of a design issue" (p. 63). Such an 
interpretation of the linkograph in experiment 4 seems to be sensible. From the start 
of the design process up to two-thirds into the experiment, the two participants 
were rather focused on generating a physical artefact of the original idea proposed. 
Between minutes 22 and 24 they paused to reflect on their design solution. While 
continuing their work, they simultaneously examined and evaluated their design 
in the last phase of the design process, resulting in the chunk pattern seen between 
design moves 22 and 29.
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0-5 min
5-10 min
10-15 min
15-20 min
20-25 min
25-30 min
29t28
31*50
Figure 107: Combined view of Proxemic Motion Trace Analysis and Linkograph in 
experiment 4.
A n a l y s i n g  p r o t o t y p i n g  a n d  i n t e r a c t i o n  u s i n g  P M T A 166
Artefacts produced
As the m ost striking feature of the prototype produced in this experiment, the 
elaborateness of the artefact catches one's eye (Figure 108). Relying mainly on Lego 
and clay, as well as on cardboard to support the individual objects, the prototype 
shows various specific features of the design solution, as well as a transition 
occurring while the device is in use. This elaborated prototype m ight be seen as a 
direct outcom e of the highly connected collaboration.
■**
Figure 108: Elaborated prototype build with Lego, clay and cardboard.
C onnectedness
Analysing the degree of connectedness, the scores calculated for experim ent 4 
seem  to indicate a very connected collaborative design activity taking place (Figure 
109). Throughout the whole process, the highest value of 3 is being recorded 
regarding the degree of symmetrical m otion traces and synchronous motional 
activity. Notably, the values for the degree of linkage between the design moves 
are, with one exception, being evaluated at the highest score. The overall scores 
show four out of six segm ents with the highest total score of nine.
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Experiment 4 | Connected Individual Collaboration
Degree of Connectedness per Observational Segment
0-5 5-10 10-15 15-20 20-25 
min min min min min
25-30 30-35 35-40 
min min min
Degree of symmetrical motion 3 3 3 3 3
traces b synchronous motional
activity
3
Ratio of contributed ideas/de- 3 1 2  3 2 
sign moves
3
Degree of linkage between ide- 3 2 3 3 3 
as/design moves
3
Degree of connectedness 9 6 8 9 8 9
(Lowest value: 3, highest value: 9)
0 -5m in  5-10 min 10-15 min
76 4 . 3 8n l 13 -10 14
15-20 min 20-25 min 25-30 min
18 2223 21
19 2S26 24 29
• 20 27 31
Figure 109: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 4.
The PMTA of this experim ent illustrates the lack of a brainstorm ing phase at the 
beginning of this design process, and that the participants started to work in the 
interpersonal space with prototyping materials right away. The lack of brainstorm ing 
activity is also indicated by the very high degree of linkage betw een the design 
moves, due to the fact that no, or almost no orphan moves were proposed in the 
early stage of the process. With the early stage usually being the phase where ideas 
are thrown in by the participants in a very tentative m anner, this illustrates that the 
participants started building one specific design solution right away.
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Segments 2, 3 and 5 are the only ones not to show the highest value of 9. In 
segment 2 the motion traces seem to be very symmetrical with the values for the 
contributed design moves and their linkage slightly weakening. However, with both 
participants very much engaged in the design process, a slight bias towards one 
participant at times seems to be natural and not indicating a general or significant 
change in the nature of the design process overall.
Summary of experiment 4
Experiment 4 is characterised as a connected individual collaboration. Using the 
same materials as in the previous example, the participants started to prototype right 
at the beginning of the task. This resulted in phases with very few verbalised design 
moves but continuous motional activity. The motion traces were overlapping, but 
less focused in the interpersonal space as in the previous example, resulting in a 
more individual type of design activity. Notably, the motional activity was paused 
for phases of mutual reflection of the artefact, illustrating the emergence of the 
design solution from collaboratively working on the prototype. This observation 
could also be made in the linkograph of this experiment. The early phase shows a 
rather linear type of thinking with each design move building upon the other and 
very few orphan moves. Only at the end could a thorough cross-examination of the 
design solution be recorded in a triangle shape of design moves, further illustrating 
the gradual emergence of the final design solution from the collaboration.
While in the final design solutions of the two experiments documented above all 
three prototyping media were used to some extend, the next example documents 
an experiment where the participants focused more on one specific three- 
dimensional prototyping material in their final solution, following an extensive 
brainstorming phase.
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6.3.3 Experiment 5: a thorough investigation
Experiment 5 is an example of a thorough investigation, featuring a prolonged 
brainstorm ing phase with no prototyping activity whatsoever. Clay was only used 
as prototyping material after 14 m inutes into the process (Figure 110). The num ber 
of design moves, especially in this early phase, appears to be significant. 28 moves 
could be recorded before the participants started to use prototyping media. During 
that phase, the participants largely rem ained in their personal spaces, not interacting 
m uch in the interpersonal space. However, the process was quite symmetric in the 
sense that both contributed about equal num bers of design moves in this period 
(15:14 design moves).
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Figure 110: Emergence of ideas and concepts in experiment 5.
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Figure 111 illustrates the lively exchange of ideas betw een the two participants in
the brain storm ing phase.
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30
[2] „ Different structures 
in way? Different tex­
tures?"
[5] „But can't we just 
think of something 
you can do to com ­
municate without 
actual verbal com ­
municating? [...] How 
do you communicate 
without words?"
[6] „Maybe something 
that symbolizes so ­
mething? Like you 
would give someone 
if they would go away 
for a year and that they 
would give you to re­
mind the good times 
or something like a 
present that has a lot of 
value."
[9] „Maybe you can 
send a picture and 
when you receive the 
picture something 
happens [...] like so ­
mething that comes 
out and makes it more 
 ^like a 3D thing?"
05:00
[4] „Maybe we can 
do some beaming 
and beam people."
[3] „Maybe it's 
acutally possible to 
[...] have like a ho- 
logramme? [...1 kind 
of science fiction 
when the head 
comes out and talks 
to you."
[1] „Maybe it would 
be possible to have 
something you 
could actually feel."
[7] „Or like these 
pictures that com ­
municate with you 
that move?"
[8] „Actually it 
would be quite nice 
to have a picture of 
som eone and [in­
audible] the time we 
m e e t."
Concepts/ 1,2,3 4 5 6 7 8 9
Ideas
Materials used
_Sketchmg
_Lego
_Cardboard
_Clay
Figure 111: Design moves occurring between 0-5 m inutes in experiment 5.
Figures 112 and 113 illustrate the tentative nature of the design moves recorded in 
the brainstorm ing phase.
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[15] „Then you would 
need some kind of 
jewellery. But what 
about guys?"
[13] „Or maybe there's 
like [inaudible] a pre­
sent, for example ear 
rings, and then w he­
never they think of you 
something happens 
with them, you feel it 
that they think of you?"
[17] „Maybe warm or 
cool, temperature as 
well? It could combine 
things. You know like 
these rings that change 
colour depending on 
which temperature it 
is?"
[18] „But you can't just 
have ten rings because 
you have ten friends [...] 
Maybe like a bracelet 
and you have the chain, 
the parts of it [...] and it's 
symbolic in a way"
[21] „Maybe it's like 
dropbox, and it's 
connected with the
same [...] bead, and it s 
the same [...] whatever 
you do with it the other
person sees is."_______________________________________________________________
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
[10] „Maybe we can 
work more with what 
we smell and taste? [...] 
For example if som eo­
ne's sad and you would 
usually send them 
chocolate you could 
send them  something 
that smells, tastes like 
chocolate."
[11] „ Just like in 
the old movies 
w hen people 
send a love letter 
with all this per­
fume on it."
[12] „Or different 
structures which 
have a recogni­
sable material?"
[14] „Maybe 
with different 
colours, that you 
send like diffe­
rent moods."
[20] „Or like 
these things 
you had in the 
beginning of all 
this computer 
stuff. A little 
com puter chain 
with an animal 
in it that you 
have to take care 
of it [...]" - „Oh, 
tamagochi!"
[19] „Like a cross 
or a heart. Or it 
smiles."
[16] „A key 
chain? On your 
bag or-"
Concepts/ 10 11 12 13,14 15,16, 18 19,20 21
Ideas 17
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 112: Design moves occurring between 5-10 m inutes in experiment 5.
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Characteristically, the proxemic m otion trace patterns rem ained separated in 
this brainstorm ing phase while they converged as soon as three-dim ensional 
prototyping m edia were used in the second part of the design process.
[22] „If it records 
certain things. Like 
you would bake a 
cake and someone 
is not there and you 
would record the 
smell of the cake."
[28] „Maybe the 
pen writes by h im ­
self? Or maybe 
have some paper
[27] „But how do 
you differentiate 
them? [...] Maybe 
it's a good idea to 
use like beads."
[23] „It could be 
a lot of things. It 
could either be the 
smell, or maybe 
moods as well."
[29] „Should we just 
choose females, I 
don't know which 
age group [...] that 
would be easier."
[24] „If it's for kids 
it should be fun, 
maybe if it's for 
people around thir­
ty or twenty then 
it should be more 
sophisticated."
[25] „We could do 
the temperature 
thing. If you would 
have a bracelet 
the thing under it 
would heat up."
[25] „ If you have 
the bracelet only for 
one person [...]" - 
„Maybe you would 
have different op ­
tions, that you can 
go to different peo­
ple, that you have 
like five people on 
one device."
 >
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 22 23 24 25 26 27 28 29
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 113: Design moves occurring between 10-15 minutes in experiment 5.
The nature of expressions in the two segm ents depicted in Figures 112 and 113 
shows a certain degree of open exploration. While some design moves rem ain not 
elaborated and are being quickly abandoned (like design moves 16 or 21), others
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are being explored in more detail or picked up later (like design moves 14 or 17). It 
seem s that the participants are in this phase exploring different design directions 
w ithout com m itting to any one in particular, looking for a central idea and concepts 
to integrate.
After about 14 m inutes into the design process, three-dim ensional prototyping 
media are being used and the motional traces begin to converge in the interpersonal 
space soon after this (Figures 114).
Concepts/ 30 31 32 33 34 35
Ideas
[31] „Maybe for what 
we are making now we 
could limit it, because 
we're just working on 
one aspect, but the 
whole concept has to 
work for everyone."
[30] „We could have 
our group just as fe­
male and it could be 
something like ,even 
though you have a 
boyfriend, your best 
friend is with you all 
the time'."
[32] „Would you have 
like different screens 
in a way? Or this is 
the, how do you say 
it, if there's a smell 
coming out7 Like the 
hose."
Materials u j
_Sketching
_Lego
_Cardboard
_Clay
[33] „And you can at­
tach as may as you like 
[...] But then how do 
you distinguish bet­
ween- [...] but maybe 
we can make it like a 
special thing [...] like the 
important people are in 
there."
Time 15:30 16:00 16:30 17:00 17:30
[35] .Should there be 
a microphone in that 
people can talk or 
send sounds?"
[34] „It can spread 
smells, and tem pe­
rature. Maybe we 
should have like a
______________________________ ^sensor?"
18:00 18:30 19:00 19:30 20:00
Figure 114: Design moves occurring between 15-20 m inutes in experim ent 5
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As previously observed, w hen starting to use prototyping media, the nature of
design moves changed. In design move 38, for example, one participant was
inspired by a feature of the prototype w hen proposing "oh, maybe this one lights
up w hen there's a new  thing." Design moves 39 and 42 are m uch the same in
seemingly being inspired by physical features of the artefact (Figure 115).
[36] „Or send like pho­
tographs. But then it be 
more like an iPhone."
36 37,38 39, 41 42, 43 44
40
Concepts/    ,   45
Ideas
Materials used
.Sketching
_Lego
.Cardboard
_Clay
[37] „Maybe it 
just projects the 
image som ew he­
re."
[38] „Oh, maybe this 
one lights up when 
there's a new thing."
[41] „Can you like 
stop it as well at 
some point and 
say ,okay, I don't 
want to hear from 
anyone'?"
[43] „Where can 
you see the peo­
ple. The screen is 
missing. Or does 
it project again?"
[39] „And this is the 
photograph button or 
something?"
[40] „Should we make 
like a lense or-?"
[45] „How do you put it 
on hold?"
[44] „You can also take 
them of. So if you're 
not friends with so - 
meone you can delete 
them  from your bra­
celet."
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
[42] „Oh, this is a scrol­
ler! [...] with this you 
can scroll to different 
^people."
Figure 115: Design moves occurring between m inutes 20-25 in experiment 5.
However, the other design moves also seem  to slightly change in nature. While 
in the discussions in the former segments, the ideas were more concerned with a 
general design direction, they are more specific once prototyping media are being 
used. In design move 25, w hen the participants were still brainstorm ing without 
using any prototyping materials, a proposition for a general design direction is
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being proposed ("We could do the tem perature thing. If you would have a bracelet, 
the thing under it would heat up"). A different kind of design move was, for example, 
num ber 43, where Lego and clay are being used to prototype, asking: "Where can 
you see the people? The screen is missing. Or does it project again?" The discussion 
here had moved quite a little more into the depth of the different aspects of the 
design solution. This observation can also be made in Figure 113. Notably, w hen 
looking at the segm ents where the three-dim ensional prototyping m edia are being 
used, m ost ideas seem  to originate from an activity in the interpersonal space 
betw een the participants (Figure 116).
[50] „Maybe we 
can also have
something with 
which small voice 
message can be 
conveyed?"
[47] „These can kind 
of switch between 
what you send, when 
you want to send 
an image press this 
one, when you want 
to send a smell that 
one, when you want 
to send a mood that 
one."
[49] „And the smell 
has to come out of 
somewhere. Maybe 
it can be the same 
thing."
[46] .It could be 
one screen. One 
screen you can 
scroll."
[48] .But you 
have also to 
record the smell 
[...] that's the 
[inaudible]."
 >
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/ 46 47 48, 50
Ideas 49
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 116: Design moves occurring in minutes 25-30 of experiment 5.
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Figure 117: Combined view of Proxemic Motion Trace Analysis and Linkograph in experiment 5.
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Linkograph
The linkograph of experim ent 5 reveals the highly connected character of the design 
process. A few orphan moves are dispersed over the design process, as well as a few 
instances of short phases of linear thinking, indicated by short sawtooth patterns 
(e.g. betw een design moves 13, 14, 15, 16 or 29, 30, 31). However, the predom inant 
pattern is in the form of a web. This pattern characterises the design process as 
thoroughly investigating and connecting different design solutions and issues 
throughout the experiment. The relatively large am ount of design moves rem ains 
unaccounted for, with the data not revealing w hether this was, for example, due 
to personal traits of the participants which were not assessed in this experimental 
set-up.
Design move 7, proposing "pictures that com m unicate with you that move" and 
design move 23, suggesting "It could be a lot of things. It could either be the smell or 
maybe moods as well", possess the longest link spans. Both seem  to be integrated in 
the final design solution (Figure 118), with three screens in the middle of a bracelet 
and integrated vaporising fuses.
Artefacts produced
The prototype built as final design solution represents quite an elaborate device. 
While relying mostly on clay to form the artefact, m any features are im printed onto 
the material. The way this was done indicates that not only functional aspects have 
been taken into consideration while producing the prototype, but also aesthetic 
properties. The density of features and the concise shape indicates that the 
participants had a profoundly shared understanding of the design direction.
Figure 118: Artefact generated in experiment 5 as final design solution.
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Connectedness
Measuring the degree of connectedness, experiment 5 shows rather high values 
overall, although most of them do not peak at the highest value of 9 (Figure 119). 
In the beginning, there appears to be a slight imbalance regarding the symmetry 
of the motion traces. However, the PMTAs for the first three segments show the 
separated pattern typical for the early brainstorming phase, with the majority of the 
motional activity taking place in the personal spaces of the participants. Notably, 
the PMTAs indicate the brainstorming phase lasting until the middle of the whole 
design process. With the values for the degree of linkage between the individual 
design moves, this combination suggests that a very active verbal exchange of 
ideas back and forth between the participants took place during that phase. While 
the values to not change much in the later segments, the PMTAs show the motional 
activity converging in the interpersonal space between the two participants. 
Furthermore, while design moves are continually being contributed to the design 
process, the place where they seem to be inspired or originate from tends towards 
the interpersonal space. This might indicate that an idea for the design solution 
was found and agreed upon in the brainstorming phase, but kept on developing 
while the participants were devising a prototype.
While overall the collaborative design activity observed in this experiment shows 
a high degree of connectedness, at times, slight changes in the nature of the 
collaboration seemed to take place. In segment 3, for example, the linkage of design 
moves weakened. In other instances, like segment 4, the ratio of contributions 
dropped slightly.
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Experiment 5: Degree of Connectedness per Observational Segment
0-5
min
5-10
min
10-15
min
15-20
min
20-25
min
25-30 30-35 35-40 
min min min
Degree of symmetrical motion 
traces b synchronous motional 
activity
2 2 3 3 3 3
Ratio of contributed ideas/de­
sign moves
3 3 3 2 1 2
Degree of linkage between ide­
as/design moves
3 3 2 3 2 3
Degree of connectedness 8 8 8 8 6 8
(Lowest value: 3, highest value: 9)
0-5 min 5-10 m in 10-15 min
13.4 2 5 6 101315 111214
7 8 9 171821 161920
232728 222425
29 26
15-20 min 20-25 min 25-30 min
31 30
33 32 37 36 38
45
Figure 119: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 5.
Summary of experiment 5
Characterised as a thorough investigation, the design activity occurring in 
experiment 5 shows the extensive use of brainstorm ing in the first part of the 
experiment and focused prototyping in the second part. The participants only 
started to use three-dim ensional prototyping m edia in the middle of the design 
process, after around 14 minutes. 28 design moves were contributed during the 
first half of the experiment, in about equal m easures by both participants, reflecting 
the joint exploration of various possible design directions. No com m itm ent to any 
one specific idea could be discerned during brainstorming. As in the previous 
experiments, once three-dim ensional prototyping m edia were used, the m otional
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activity, which resided up to this point very m uch within the personal spaces of 
each participant, converged in the shared space between them. Once prototyping 
started, the verbal expressions show that the participants were inspired by 
individual features of the artefact produced. The design moves themselves became 
more specific when the participants started prototyping, addressing functional 
or aesthetic aspects of the design solution. Inspired by the brainstorming phase, 
the design solution emerged from the prototyping activity. Towards the end, the 
participants focused on the use of one prototyping medium, clay. This produced 
a rather elaborately designed artefact featuring a high density of functional and 
aesthetic aspects. The linkograph analysis showed a web pattern -  which is typical 
of a thorough investigation -  extending over the whole duration of the experiment. 
Measuring the connectedness of the collaborative design activity, the scores 
remained high throughout the experiment, peaking in the highest score in the last 
segment of the observation.
The three experiments analysed above, all using three-dimensional prototyping 
media, show similar results. The next example will analyse the exclusive use of 
sketching as the control condition.
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6.3.4 Experiment 12: a case of increasing separateness
Experiment 12 illustrates a case of increasing separateness, with the participants 
only using sketching as the prototyping medium. As a predominant feature of the 
design activity, the proxemic motion trace patterns of this design process reveal 
a separated locus of the motional activity for each participant (Figure 120). This 
separation remained, in various degrees, constant over the whole duration of the 
experiment. The locus, where the different design moves originated, stayed mostly 
within the same area. However, for the participant on the right side, five design 
moves seemed to originate from within the interpersonal space in the middle. This 
was not the case for the participant on the left side.
As with experiments 1 and 4, in which segments occurred where only very few 
design moves were proposed, there was a segment in experiment 12 where no 
design move was verbalised. Quite in contrast to the experiments using three- 
dimensional prototyping media, in this instance significantly more pauses and 
periods of inactivity, indicated by dots and circles, can be recorded.
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Figure 120: Emergence of ideas and concepts in experiment 12.
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Not surprisingly, the first segm ent of experim ent 12 shows the sam e brainstorm ing 
activity as m ost of the experiments analysed in more depth in this chapter. The 
design moves proposed are tentative in nature and explore in a general sense 
possible design directions (Figure 121). As a focus concept, the transm ission of 
touch emerges in this segm ent (i.e.. in design move 6).
[2] ....looking 
through eyes [...] 
gazing."
[5] .But like if we 
fell like touched 
or moved or 
something [...] 
we should do 
particular things 
all together. Like 
if it doesn't work 
that way its not 
differentiated 
from looking at 
the photos"
[3] .Like augmented 
reality. You're in one 
room and they're in 
one room and there is a 
camera at both end and 
it puts you in the same 
place so can go for like 
a walk?"
[4] .So like sitting with 
som eone like in the 
same room but like if 
you're wearing glasses 
you see them  sitting on 
the couch next to you."
[6] .So all the virtual 
stuff is already th e­
re and doesn't really 
matter, but it's the 
touch that makes the 
difference."
[7] .So maybe [...] de­
vices that are hugging 
us like this [gestures
a being hugged] [...] 
the places where you 
touch [...] with friends, 
family and lovers is 
different."
[1] .So, if you like see 
your mom, what is the 
first thing you do at the 
airport? So, basically 
acts of affection that 
we can look at: hugs, 
kisses-"
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00
Concepts/ 1,2 3 4 5 6 7
Ideas
Materials used
.Sketching
_Lego
.Cardboard
_Clay
Figure 121: Design moves occurring between m inutes 0-5 in experiment 12.
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Once the participants have established a general design direction, they seem ed
to move forward by refining and elaborating the central aspect. Still in the 
brainstorm ing phase, they explore different possible devices that could transm it 
the sense of touch, as in design move 9, a wearable device, or design move 11, a 
helm et or a muffler (Figure 122).
[8] „So whats' 
missing is the 
touch. There's 
like, someone was 
trying to make 
a machine that 
enabled you to 
kiss your girlfriend 
over long distan­
ces, but that's like 
the weirdest thing."
[9] „So we can 
com e up with 
some form of 
wearable device."
[11] „Or like a 
piece of helmet 
or like glasses or 
mufflers."
[12] „It could 
be a piece of 
cushion. So 
like bendable 
string is inside 
so you can bend 
anywhere."
Time
 2
05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
[10] „Yeah, like a 
shirt or an item of 
clothing."
[13] „If he is hug­
ging the pillow- so 
where he hugs the 
pillow has to be 
translated to her, 
but then the pillow 
is her body, so she 
can't feel the same 
thing if she hugs 
the pillow so she 
has to wear an 
item of clothing."
Concepts/ 8 9,10, 12 13
Ideas 11
Materials used
_Sketching
_Lego
-Cardboard
-Clay
Figure 122: Design moves occurring between m inutes 5-10 in experiment 12.
The participants seem  to move on to sketching only after they have agreed upon a 
specific design idea. As illustrated in Figure 123, right before starting sketching in 
the segm ent betw een 10 to 15 minutes, one participant proposes "a piece of clothing
185 A n  I n t e g r a t e d  A n a l y s i s  of  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
we both wear [...] so if I touch it, you can feel it" (design move 14). This observation 
lends itself to the interpretation that w hen sketching, often pre-form ulated ideas 
are being externalised, rather than em erging from the activity itself.
[14] „So if could be 
just a piece of clo­
thing we both wear 
[...] so if I touch it 
you can feel it."
[17] „So it's like a 
vest."
[20] „Why don't we 
make it a little bit 
[spongy] so there's 
a chair and we can 
hide like covered"
[19] „So the two 
things should be 
the same so you're 
representing that 
you guys are a 
couple or a family."
Time
Concepts/ 14 15,16 17 18 19 20
Ideas
Materials used
_Sketching
_Lego
-Cardboard
_Clay
Figure 123: Design moves occurring between 10-15 minutes in experim ent 12.
In segm ent 4 (Figure 124) sketching is used almost throughout, with the m ain part 
of the contributions contributed by one participant.
[16] „Why are we diffe­
rentiating? Maybe the 
hug is just a general 
thing. [...] The hug is 
like basically this part 
[gestures hugging] so 
if we have like a bit of 
a padding in the front 
it won't be that visible."
[15] „There has to 
be a transmitter and 
a receiver, which 
translates to different 
informations. So that's 
the issue: how do we 
show and how do we 
feel."
[18] „So basically a 
universal shape that 
can go into any clo­
thing."
 >
10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
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[24] „But we 
can draw some 
part for repre­
senting from 
whom."
[22] .Actually, I think 
the whole thing should 
be done, .cause you 
know the e-textiles [...] 
like sensors are woven 
in to the fabric so you 
could have it ever­
ywhere and it would 
be- it wouldn't be that 
to have sen ­
sors everywhere."
[21] „Do you need one 
[padding] in the back, 
the shoulder also? [...] 
For me the stom ach is 
important."
[23] „I guess different 
areas m ean different 
things. For example 
when I hug my guy 
friends there's like no
contact apart from the 
shoulders."
[25] .physical bond
_______________________________________________________________ relayer"
Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 21 22,23 24 25
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 124: Design moves occurring between 15-20 minutes in experiment 12.
Once the participants have started to sketch, the design moves tend to becom e 
more specific, as observed in the other experiments. In Figure 125, betw een 20 and 
25 m inutes into the design process, the design moves do represent the depth of 
the investigation of the design solution. Questions like "how do we relay pressure?" 
(design move 25) or suggestions like "it could be with a little bit of air" (design move 
29) drive the design process forward and explore functional aspects of the solution.
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[29] „0r it could be 
with a little bit of air- 
air-"
[28] „The pressu­
re we can sim u­
late if you have 
like strings atta­
ched in different 
areas and you 
pull and apply 
tension."
[27] .the tem pera­
ture"
[26] „how do we 
relay pressure?"
 >
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
Concepts/ 26 27,
Ideas 28,
29
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 125: Design moves occurring between m inutes 20-25 in experiment 12.
In figures 126 and 127, the m otion traces are distinctively separated while both 
participants seem  to sketch on their own.
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 126: Design moves occurring between m inutes 25-30 in experiment 12.
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[30] „We should 
m ention it is lightly 
padded [...] to give 
resistance because 
if you're hugging 
someone there's 
always something 
in front of you."
 >
Time 30:30 31:00 31:30 32:00 32:30 33:00 33:30 34:00 34:30 35:00
Concepts/ 30
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 127: Design moves occurring between m inutes 30-35 in experiment 12.
W hen the participants are engaged in the sketching activity, they seem  to be so in 
a rather individualistic m anner. Figure 128 shows both participants being active 
in their personal space, presumably sketching. The participant on the right seems 
to reflect and com m ent on his own sketch. However, there is no interaction with 
the other participant. The question raised in design move 31, "how does it link up?" 
goes unresponded, as does the next design move by the same participant, asking 
"how is it powered?" The question is being answered by the same participant by 
stating "oh, graphene. It's like a film that converts body heat into electrical power." 
In this segment, therefore, the discussion was replaced by a monologue.
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[31] „How does it link
[32] „How is it pow ­
ered? [...] oh, graphe­
ne. It's like a film that
converts body heat 
into electrical power."
 2
Time 35:30 36:00 36:30 37:00 37:30 38:00 38:30 39:00 39:30 40:00
Concepts/ 31 32
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 128: Design moves occurring between minutes 35-40 in experiment 12.
Linkograph
Analysing the linkograph of experim ent 12 illustrates a few observations m ade 
earlier (Figure 129). Notably, the interaction between the participants by sharing 
their contribution in individual design moves seems to decrease dramatically as 
they progress in the design process. The last interaction and m utual contribution 
of design moves can be recorded between 20 and 25 m inutes into the experiment. 
This leaves about 15 minutes in w hich no verbalised interaction takes place. 
Interestingly, one participant contributes three design moves towards the end 
of the experiment, which are left unresponded to by the other participant. This 
observation lends itself to the interpretation either that the task of generating a 
design solution has been split betw een the two participants, or that collaboration 
did cease. The former is supported by the fact that the final design solution was 
presented in a series of drawings that seem ed to be assigned to each participant 
(Figure 130).
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Figure 129: Combined view of Proxemic Motion Trace Analysis and Linkograph in experiment 12.
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Interestingly, however, the participants seem ed to explore the design solution early 
on in the design process. One indication for this is the chunk pattern in betw een 
the design moves 9 to 17. In addition, a few instances of sawtooth patterns can 
be recognised, for example between design moves 21 to 24, indicating brief 
m om ents of linear thinking. Another notable observation in the com bined PMTA 
and linkograph depiction of experim ent 12 is that the majority of design moves 
took place w hen no sketching activity could be observed. 23 moves occurred while 
no activity was recorded, and 9 moves were proposed while the participants were 
sketching. This observation raises the question as to w hether sketching m ight lead 
to an asymm etry in the designing activity and the interaction taking place.
Artefacts produced
The sketches produced in this experim ent seem  to illustrate the increasing degree 
of separateness observed earlier. While all three sketches portray a vest that a 
person would put on to convey m essages of loving and care, they differ in the way 
they would do so. While, in other experiments, rather concise artefacts have been 
produced (e.g. example F), these sketches indicate a more diverging understanding 
of the design direction and eventually the design solutions developed.
Figure 130: The final design solution in experiment 12 was presented in a series of drawings.
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C onnectedness
Analysing the degree of connectedness, experim ent 12 shows an inconsistent 
pattern of collaborative design activities (Figure 131). At the beginning of the design 
process, the total scores seem  to be higher than towards the end. The values 8 and 9 
are being calculated in segm ents 2 and 3. In the last two segm ents the lowest scores 
of in this experiment, 5 and 4, are being recorded. While the early phase of the 
design process shows a high degree of connectedness, the nature of collaborative 
design activity changed gradually in the middle of the experiment. In segm ent 5, 
for example, the motional activity got less symmetrical and the linkage of design 
moves got weaker. Segment 6 showed the same characteristics. In segm ent 7 and 
8, the last two segments, the values dropped to the lowest values of this experiment, 
i.e. to a very low degree of connectedness.
Experiment 12: Degree of Connectedness per Observational Segment
0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40
Min Min Min Mm Mm Min Min min
Degree of symmetrical motion 2 2 3 2 2 2 2 2
traces b synchronous motional
activity
Ratio of contributed ideas/de­ 2 3 3 1 3 3 1 1
sign moves
Degree of linkage between ide­ 2 3 3 2 2 1 2 1
as/design moves
Degree of connectedness 6 8 9 5 7 5 5 4
(Lowest value: 3, highest value: 9)
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Figure 131: Evaluation matrix for the degree of connectedness and PMTAs of experiment 12.
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The place where the ideas or design moves originated from does somewhat reflect 
the inconsistent pattern of the overall design activity. In accordance with the general 
separated patterns of motion traces seen in the PMTAs of this experiment, the ideas 
emerged in their majority from within the personal spaces. In the earlier segments 
however, some of the design moves seemed to be inspired by the activity taking 
place in the interpersonal space. This, however, was not the case in segments 5, 6, 
7, and 8. Thus, the gradual change of the nature of collaborative activity indicated 
by the scores calculated, were echoed in the PMTAs as well.
Summary of experiment 12
Experiment 12, using only the sketching condition, shows a design process that 
is characterised by its increasing degree of separateness. While the participants 
mutually explored possible design directions in tentative design moves, once 
starting to sketch the contribution of design moves decreases dramatically. 
Sketching only started after the participants explicitly agreed to a specific design 
idea towards the end of the brainstorming phase. Notably, sketching only occurred 
within the personal space of each participant. Towards the end of the design 
process, the discussion was replaced by monologue, with the participants having 
split up to each sketch her and his own variation of the design idea -  presenting 
two different solutions of the same basic design idea. Measuring the connectedness 
of the design activity, these observations could be corroborated. The highest score 
was recorded just before the participants started to sketch, and the lowest score at 
the very end of the design process.
This example documented the observed design activities in an experiment using 
sketching as a prototyping medium. The next example will investigate whether 
these observations can also be made in other experiments, using the sketching- 
only condition.
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6.3.5 Experiment 16: separated collaboration
Similar to experiment 12 analysed above, experiment 16 illustrates a case of a 
separated collaboration. The participants were allowed to use only sketching 
as a prototyping medium. As in the previous experiment, Figure 132 shows the 
participants' motional activity remaining within their individual spaces. Until the 
very end of the task, the participants used the interpersonal space only very sparsely. 
Over the duration of the experiment, many different ideas were uttered. However, 
more of them were being proposed by participant B, contributing 15 concepts, 
while participant A expressed 9 ideas. This was in accordance with the activity 
that could be traced. The proxemic motion trace analysis shows that participant A 
paused in her movements significantly more than participant B (indicated by dots 
and circles). Furthermore, participant B's motion traces seemed to be more intense 
and focused. This observation in the motion trace analysis reflects the actual split 
of tasks between the participants, with participant B doing all the sketching work.
Sketching was first used after around 6 minutes. Interestingly, it was only used 
briefly. The actual main sketching activity seemed to start only after 21 minutes. 
Notably, after 26 minutes, 5 minutes after the main sketching activity had begun, 
the participants wanted to use Lego. They had to be reminded that they were only 
allowed to use sketching for the main task of this experiment. However, their 
notion to turn to a three-dimensional material might indicate that they perceived 
limitations in the sketching activity, which could be overcome by using Lego.
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Figure 132: Emergence of ideas and concepts in experiment 16.
W hen looking at where the ideas em erged over the duration of the task, another 
noticeable observation could be made. Most of the ideas em erged right at the
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beginning of the task within the first five minutes. All of them  occurred w ithout 
using any prototyping material, two- or three-dim ensional. The ideas were 
expressed only verbally. Figure 133 shows the location of the focus of attention of 
the two participants w hen the ideas were expressed. The ideas expressed represent 
a broad spectrum  of different possible directions for the design solution.
.sending physical 
communication" 
[1]
.what would 
Google be if it 
wasn't behind 
a computer 
screen?" [5]
.it could be a 
device you throw 
in the direction 
you know the 
person is you 
want to connect 
with" [7]
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00
Concepts/ 1 2,3 4 5 6 7 8
Ideas
Materials used
_Sketching
_Lego
-Cardboard
-Clay
Figure 133: Design moves occurring in experiment 16 during the first five minutes.
In figure 134, sketching is used for the first time in this experiment. The m otion 
traces of the participants still rem ain very m uch in their personal spaces.
[6] .there was an 
advertising cam pa­
ign for dell, that was 
the same thing."
[2] .then we would 
create a slavery
.creating the 
sensation of a hug"
„a service, not 
necessarily a de­
vice"
[8] „a vibration de­
vice, like a bear"
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could
„it could be quite 
cheap, small and 
simple to design [...] 
like a small heating 
sensor"
[9] ..something you 
carry in the 
breast pocket and with 
does not only vibrates 
but is heated"
 >
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
Concepts/ 9 10
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 134: Design moves occurring between minutes 5-10 in experiment 16.
The observation m ade in the figure above was repeated in the figures 135 and 135. 
Interestingly, only few contributions were expressed by both participants in these 
segments.
[11] „it could be a
device that is linked to 
where you stay"
[13] „it could be a
[12] „it could be 
like a necklace [. 
or an accessory"
card"
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 11 12,13
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 135: Design moves occurring between minutes 10-15 in experiment 16.
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Time
 >
15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 14
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 136: Design moves occurring between minutes 15-20 in experiment 16.
In the middle and second part of the task, the m ain sketching activity took place. 
The ideas expressed in these sections, between m inutes 21 and 28, seem ed to be 
inspired more by the sketching activity (Figure 137). Ideas 16, 18, 19 and 23 were 
all expressed by participant B while sketching. A difference might be discerned in 
the quality of the ideas expressed as well. Idea 16 proposed a "pre-set num ber of 
smells or feels"; idea 18 "plugging a device into the wall, that every 2 m inutes sprays 
something"; idea 19 "some kind of electronic plug-in and vials"; and idea 23 "we 
could cover the things that happen inside of it".
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[17] „instead of 
saving someone's 
number, saving 
someone's smell"
[16] „preset n u m ­
ber of smells or 
feels"
[18] ..plugging a 
device into the 
wall, that every 2 
minutes sprays 
something"
[19] .some kind 
of electronic 
plug-in and 
vials"
[15] „what if the 
output of the device 
would be where 
you can feel [...], 
smell, sound..." 
[20 ] „spot where 
the connectivity 
starts working"
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
Concepts/ 15 16 17 18,19 20
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 137: Design moves occurring in experiment 16 between m inutes 20 and 25.
Figures 138 and 139 show a tendency of the participant on the right dom inating the 
collaboration by the num ber of contributions and by the m otional activity recorded. 
Notably, the participants wanted to use Lego in m inute 26, but had to refrain from 
it as they were only allowed to use sketching in this experiment.
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[21] „it could be an 
application on the 
phone"
[22] „it could have 
like holes with 
different vials inside 
of it"
[23] „we could cover 
the things that hap­
pen inside of it"
 >
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/ 21 22 23
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 138: Design moves occurring between minutes 25-30 in experiment 16.
[24] „it could be a 
very simple device 
with a nozzle, and 
inside the nozzle it has 
different vials that are 
connected to different 
pumps and the pumps 
are controlled by a 
micro-controller"
 >
Time 30:30 31:00 31:30 32:00 32:30 33:00 33:30 34:00 34:30 35:00
Concepts/ 24
Ideas
Materials used
.Sketching
.Lego
.Cardboard
.Clay
Figure 139: Design moves occurring between m inutes 35 in experiment 16.
*
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All of these concepts represent somewhat practical and concrete considerations 
that move the design solution forward. Comparing these expressions to the ideas 
contributed by participant A in the same time frame, it appears that they possess 
a different quality: idea 15 asks "what if the output of the device would be where 
you can feel [...], smell, sound...?", idea 17 proposes to "instead of saving someone's 
number, saving someone's smell", and idea 20 a "spot where the connectivity starts 
working". Taken out of context, it could almost seem that these ideas would occur 
at different phases in the design task, probably in an earlier stage of the design 
process. They seem less specific and more concerned with what the design solution 
should accomplish than the ideas expressed by participant B, whose ideas revolved 
more around how the solution would actually work and look like (pre-set number, 
electronic plug-in and vials, covering up the inside).
Another noticeable observation is the tentativeness of expressions throughout the 
experiment. 'What if?' and 'it could be' are used in almost all utterances, indicating 
that the participants chose to remain somewhat tentative and not commit to a 
specific design solution. In the last phase of the experiment, between minutes 
30 and 35, the sketching activity is continuous with only one idea expressed 
by participant B: "it could be a very simple device with a nozzle, and inside the 
nozzle it has different vials that are connected to different pumps and the pumps 
are controlled by a micro-controller." The idea expressed in the last two minutes 
of the design task indicates that participant B was finishing the sketches for later 
presentation, summarising the most important points of the design solution.
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Linkograph
Looking at a combined view of this design task through the lenses of PMTA and 
linkography (Goldschmidt, 2014), some of the findings can be seen here, too 
(Figure 140). During the early phase of the design process, in the first 10 minutes, 
the ideas expressed seem to be only loosely related to each other. There are 
several interruptions of the connection between the individual ideas. Thus, the 
character of this exchange of ideas appears to be divergent in its scope, exploring 
the breadth of possibilities. Noticeably, no prototyping medium was used while 
exchanging these ideas. During the latter stage of the process, between minutes 
20-30, the concepts expressed by the participants seem to be linked to each other 
more intensively. Ideas 15 to 24 show an uninterrupted line of connection, which 
might indicate that a specific concept has been developed into more depth. This 
observation corroborates the observation made earlier regarding the nature of the 
individual expressions within this time frame. In addition, the focus of attention of 
participant B (red traces on the right side) tended to shift downwards while using 
sketching as prototyping medium (between minutes 20-25).
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Figure 140: Combined view of Proxemic Motion Trace Analysis and Lmkograph in experim ent 16.
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Artefacts produced
Taking a closer look at the artefacts, two sketches produced during the com pletion 
of the m ain design task, two observations seem  m ost striking: (1) the sketching and 
writing seem  to have been done mainly, possibly exclusively, by one participant; 
and (2) the design solution is hardly discernible and rem ains on a rather n o n ­
specific level. These observations are in accordance with the previous analyses, 
clearly indicating a separated form of collaboration, with one participant seemingly 
taking over the part of producing the sketches.
ovtl \ l \ r -
Vi
CrvoiWLcut
TMte ,
/ rfit?  ^
L - r  . -  r>*&
= J-..: ._ T  -3
Figure 141: Two sketches produced during experiment 16.
C onnectedness
M easuring the degree of connectedness of experim ent 16 (Figure 142), the overall 
picture is that of a very low degree of connectedness. In the last segment, the 
lowest possible total score of 3 was reached and four times the very low score of 
4 was calculated. As seen in the PMTAs of the individual segments, this reflects 
the separated nature of the m otion traces recorded. Furthermore, the num ber of 
contributions was biased towards one participant and the individual design moves 
were only loosely connected.
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Experiment 16 | A Separated Collaboration
Degree of Connectedness per Observational Segment
0-5
min
5-10
min
10-15
min
15-20
min
20-25
min
25-30
min
30-35 35-40 
m in min
Degree of symmetrical motion 
traces & synchronous motional 
activity
2 2 1 1 1 1 1
Ratio of contributed ideas/de­
sign moves
2 1 2 1 3 1 1
Degree of linkage between ide­
as/design moves
2 1 1 1 2 2 1
Degree of connectedness 6 4 4 3 6 4 3
(Lowest value: 3, highest value: 9)
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Figure 142: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 15.
The first segment, with values of 2 for all three characteristics m easured, shows a 
relatively high degree of connectedness. However, the nature of the collaboration 
changed over the duration of the experiment. The drop of the values for sym m etrical 
m otion traces illustrates that one participant was more active and engaged in the
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process. The ratio of contributed design moves alternated over the course of the 
activity, being weak in the beginning, with a peak in the middle of the design 
process, and being very weak again in the end. This change can also be seen in 
the nature of the design activity taking place in the individual segments. While 
in segment 1 both participants were equally engaged, segment 3 was already 
characterised by a low degree of symmetry and linkage between design moves, 
but with the participants still both contributing design moves (although they do 
not seem to be linked). With a peak in segment 5, indicated by a value of 6, the 
collaborative activity tails off towards the end, with the lowest values in the last 
segment.
Summary of experiment 16
The analysis of experiment 16 tried to see whether the observations made in the 
previous example, using only sketching as the prototyping medium, could be 
repeated. This seemed indeed to be the case. Experiment 16 illustrates a case of 
a separated collaboration, as the participants remained within their personal 
spaces as well as only one participant appeared to sketch. Measuring the degree 
of connectedness also showed very low scores, indicating a very unconnected 
collaboration overall. Notably, most ideas emerged during brainstorming. The 
sketching activity itself did not spark new ideas, which might be one reason the 
participants wanted to use Lego after 26 minutes. Whether the exclusion of other 
materials had any demotivating effect could not be determined. The participants 
did not commit to a specific design idea, which was also reflected in the linkograph 
showing connected design moves only towards the end of the process.
This experiment supported the observations made so far regarding the sketching 
condition. The next example will look more closely at what happens when sketching 
and three-dimensional prototyping media are used in combination.
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6.3.6 Experiment 19: switching from separated to connected designing
Experiment 19 illustrates an example where the participants m oved from a 
separated collaboration to a connected design activity. Initially, the participants 
used sketching to develop their design solution but switched to clay after seven 
m inutes into the task (Figure 143). The first five-m inute segm ent of the m otion 
trace analysis shows a very similar picture, as does the analysis of experim ent 16. 
The two participants very m uch rem ain with their m ovem ents in their individual 
spaces, not interacting in the interpersonal space at all. Ideas were expressed while 
sketching, but did not explicitly refer to what was drawn or written down. The 
num ber of ideas expressed indicates some sort of brainstorm ing taking place in 
this phase of the experiment.
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Figure 143: Emergence of ideas and concepts in experiment 19.
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The ideas do represent a broad spectrum  from "maybe we talk about transm itting 
warmth", or "there could be a way of com m unicating through reflection", to "maybe 
in the pillow there's a burst of fragrance." In m inute 8 a key concept is being 
expressed: "what if you felt a pulse w hen you put our hand around a mug?" Both 
participants seem ed to agree on this idea and started working with clay immediately 
afterwards.
Once using clay as prototyping medium, a noticeable change in the nature of the 
concepts uttered is discernible (Figures 144 b 145). While the former ideas were 
trying to find a possible path to follow from a wide range of possibilities, the 
concepts contributed after m inute 8 seem  m uch m ore focused and specific. "There 
would be this contact here [gesture] and this contact here [gesture]", "then we have 
almost like sensor points here [sketching]", and "they would do a hand print scan 
and then it would be manufactured" were concepts expressed right after using clay 
to m odel a m ock-up mug.
13] .if you record 
the voice and 
it leaves that 
[gesturing a wa- 
vespectrum)"
[6] „I am thinking 
of when having 
a cup of tea and 
they have one at 
the same time, 
then a light goes 
off"
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00
Concepts/ 1 2 3 4 5 6 7
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 144: Design moves occurring in the first five m inutes of experiment 19.
[4] .transmitting a 
feeling or a pulse"
[2] „a wink7 In 
terms of support, 
or I-am-with-you, 
without actually 
saying anything"
[1] „ Maybe we talk 
about transmitting 
warmth?"
[7] „ maybe in the 
pillow there's a burst 
of fragrance"
[5] .there could be 
a way of com m u­
nicating through
reflection"
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[8 ] „what if you 
felt a pulse when 
you put your hand 
around a mug?"
[9] „there would 
be this contact 
here [gesture] and 
this contact here 
[gesture]
 >
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
Concepts/ 8 9,10 11
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 145: Design moves occurring between m inutes 5-10 of experiment 19
In figure 146 the motional activity recorded was still intense for both participants 
and the design moves contributed in equal numbers.
[10] .the cup is 
especially made 
for you [...] with 
your handprint"
[11] .then we have 
almost like sensor 
points here [sket­
ching]"
[13] .maybe you get the kit 
where you cast your own 
hand print and then you 
send it in"
[14] .where can you feel 
the pulse? - 1 think in the 
forefinger"
[12] .they 
would do a 
hand 
scan and then 
it would be 
m anufactu­
red"
[15] .the 
response is 
recorded in 
return kind of 
pulse"
 >
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 12 13 14 15
Ideas
Materials used
-Sketching
_Lego
-Cardboard
-Clay
Figure 146: Design moves occurring between m inutes 10-15 of experiment 19.
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The last segm ent of this experim ent shows an intense activity of proxemic motion, 
with the participants seemingly to evaluate their design solution towards the end 
(Figure 147).
[16] „[inaudible] finger 
prints?"
[17] „where should 
you feel the pulse 
[...]?-1 think, maybe 
we can do one at the 
plam? How m uch 
contact have you got 
at the moment?"
[18] „or we can use 
this [pointing to 
mug handle]"
 >
Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 16 17 18 19
Ideas
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 147: Design moves occurring between m inutes 15-20 of experiment 19.
After starting prototyping with clay, the ideas continuously em erged throughout 
the rest of the experim ent w ithout changing the nature of the ideas contributed. 
In addition, ideas em erged more from the collaborative work of the participants. 
In m inute 14, one participant asks, "where can you feel the pulse?" with the other 
replying "I think in the forefinger." In m inute 24 as well, a collaborative verbal 
interaction is taking place, with participant A asking "where should you feel the 
pulse [...]?", and participant B replying "I think, maybe we can do one at the palm? 
How m uch contact have you got at the moment?" With switching to using clay after 
eight m inutes into the task, the interpersonal space between the participants was 
used m uch more intensively. The m otion trace analysis shows a quick development 
of the individual hand m ovem ents towards each other and a focus on the shared 
space on the table (the lower part of the diagrams). A direct com parison of the
[19] „what 
about a sensor 
point [inau 
dible] when 
you're drinking 
where to put 
your m outh [...] 
maybe with a 
vibration"
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m ovem ent taking place in each 5-m inute segm ent of the experim ent illustrates 
the tendency of the collaborative work converging in the interpersonal space once 
using clay as the prototyping m edium  (Figure 148-151).
Figure 148: Hand movements occurring 
between 0-5 m inutes in experiment 19.
■ A S..
Figure 149: Hand m ovem ents occurring 
between 5-10 minutes in experim ent 19.
Figure 150: Hand movements occurring Figure 151: Hand m ovem ents occurring
between 10-15 m inutes in experiment 19. between 15-20 m inutes in experim ent 19.
Overall, the design process observed in this experim ent could be described as 
moving from breadth to depth. First, a num ber of different ideas were quickly put 
forward. Then the participants chose to focus on one particular idea and developed 
it further. Once a concept was chosen for execution, the progression of the design 
solution becam e more and more detailed, as the ideas contributed after the decision 
imply.
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Linkograph
This observation is also discernible when combining the PMTA with a linkograph 
of the experiment (Figure 152). In the first five minutes, out of seven design moves 
contributed by both participants, five were orphan moves, not being connected to 
or followed up by other design moves. The spectrum of ideas expressed during that 
time segment reflects the approach of collecting diverging ideas. Ranging from 
transmitting a wink, over a fragrance exuding pillow, to conveying wave spectra, 
the ideas did not seem to possess a strong connection between them. The turning 
point in this divergent discussion was design move 8, occurring seven minutes into 
the experiment. Asking "what if you felt a pulse when you put your hand around 
a mug?" in a propositional way, this design move linked back to design move 4, 
which proposed "transmitting a feeling or a pulse". Up to this point, the participants 
did not agree upon a general direction in which they would develop their design 
solution. All design moves except one (design move 16) after this turning point 
are connected to each other. However, in the linkograph of this experiment, 
design move 16 could not be linked, as its disturbed audio recording ("[inaudible] 
fingerprints?") did not allow for an interpretation whether or not it might express an 
idea connecting to the other design moves.
Significantly, once the participants seemed to have agreed to an idea, they turned 
from using sketching to employing clay. Apart from an increased use of the 
interpersonal space between them, a change in the nature of the conversational 
topics could be observed. The triangular web formed by the connected design 
moves starting at design move 8 indicates that a design issue was thoroughly 
investigated. This thoroughness is echoed in the recorded contributions of the 
participants. While the individual expressions have been rather general in the sense 
of design direction they proposed, the utterances became much more focused and 
specific after design move 8. Furthermore, the long link span, for example from 
design move 8 to 19 ("what about a sensor point [inaudible] when you're drinking 
where to put your mouth"), corroborates the importance of this early idea.
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Figure 152: Combined view of Proxemic Motion Trace Analysis and Linkograph in experim ent 19, 
Artefacts produced
The specificity of the discussion occurring w hen building the m ug prototype can 
be seen in the artefact produced. The m ug displays the distinct features that have 
been considered by the participants, like the 'm outh sensor', the 'fingertip sensors' 
or the hand imprint in the m ug itself. Prototyping predom inantly with clay, it 
seems, too, that next to the functional aspects of the design solution, aesthetic 
properties were considered: for example, how  the handle attaches itself to the body 
of the mug.
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Figure 153: Prototype of an interactive m ug produced in example B.
C onnectedness
Regarding the connectedness of the collaborative design activities, the scores 
calculated for experim ent 19 (Figure 154) show a completely different picture to 
experim ent 16. Three times out of four, the m axim um  score of 9 was calculated. 
Only in two instances in the first segment, the ratio of contributed ideas was slightly 
biased towards one participant and not all the design moves were connected. This 
is hardly a surprise, as in the first five m inutes the participants usually brainstorm ed 
different ideas and began to get a grasp of the task. The scores appear to be echoed 
in the PMTAs as well. Apart from the first segment, the recorded m otion traces show 
quite symmetrical patterns and intensities. While there is a slight bias in the ratio 
of contributed design moves towards one participant in the very first segment, this 
balances itself rather quickly. Thus, the design activity occurring in this experiment 
shows a high degree of connectedness.
S u m m a ry  o f  experiment 19
In experim ent 19, the participants move from sketching to using clay. Sketching 
was used predom inantly in the first 5 m inutes of the design process. The type of 
expressions recorded during that phase indicated that it was probably used as a 
notation of the ideas expressed while brainstorming. The m ain concept em erged 
in m inute 8, after 1 m inute of using clay.
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Experiment 19 | Switching form Separated to Connected Designing
Degree of Connectedness per Observational Segment
0-5 5-10 10-15 
m in m in mm
15-20 20-25 25-30 30-35 35-40 
min m in min min min
Degree of symmetrical motion 
traces b synchronous motional 
activity
3 3 3 3 - - - -
Ratio of contributed ideas/de­
sign moves
2 3 3 2 - - - -
Degree of linkage between ide­
as/design moves
2 3 3 3
Degree of connectedness 7 9 9 8
(Lowest value: 3, highest value: 9) 
0-5 min 5-10 min 10-15 min
.124 3 
• 7 6
S’.
w .
'• 9- 10 
41
12
151  ^ ■
15-20 min
Figure 154: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 19.
Once using the three - dim ensional prototyping medium, expressions becam e more 
specific and the motional activity started to converge in the interpersonal space 
between the participants. In addition, the ideas em erged throughout the process 
while using clay. The linkograph shows how the process m oved from breadth 
to depth, with all design moves connected once the brainstorm ing phase was 
finished. Measuring the degree of connectedness, the activity could be classified 
as highly connected. The lowest score, 7, was recorded right at the beginning, with 
the m axim um  scores in the following segments.
This experim ent illustrated the com bined use of sketching and clay to develop a 
design solution. The last example will com pare these observations with a design 
process where all prototyping materials were used.
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6.3.7 Experiment 22: connected designing
Experiment 22, like the previous example, represents a case of connected designing. 
The two participants in experim ent 22 used all four prototyping m edia provided: 
sketching, Lego, cardboard and clay (Figure 155). In contrast to experim ent 19, 
use was m ade of the three-dim ensional prototyping media, especially cardboard, 
almost from the start.
1314
1 5 3  4
„ 6
9 7 11 
10.12 .
16V
Sketching
Lego
Cardboard
Clay
20  22 
21
Sketching
Lego
Cardboard
Clay
In a general observation, the analysis reveals a difference in the level of symmetry 
and intensity betw een the phases where the three-dim ensional prototyping media 
were used to the phases where sketching was used. The m otion trace analysis of 
m inutes 5 to 20 indicates a quite symmetric distribution of movem ents between 
the participants with intensive use of the interpersonal space. This is in contrast to
20 m in  25 m i n ___________________ 30 m in
Minutes Minutes Minutes
16 | | 17 | | 18 | 1 19 1 | 20 | 21 [ [ 22 ~j 23 | | 24 [ ] 25 | 26 | [ 27 ] [ 28 ] ] 29 [ | 30
Concepts Concepts Concepts
117 I 118 I 119 i 20 1 1 21 1 22
Materials used Materials used Materials used
Figure 155: Emergence of ideas and concepts in experiment 22.
17
18 19 **'■
5 min 10 min 15 min
Minutes Minutes Minutes
1 2 3 4 1 5 1 6 7 8 | 9 | 10 | ] 11 1 [ 12 1 1 13 1 1 14 | 15
Concepts Concepts Concepts
1 2  3, 5 
4
6 1 I? I 18 19, 1 111 112 110 13, 15 16 14 |
Materials used Materials used Materials used
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m inutes 20 to 30, where the participants using sketching were not equally engaged 
in the designing process. The m otion traces on the left side have significantly more 
pauses than the ones on the right side, suggesting that only one participant was 
engaged in the sketching activity.
The very first idea was inspired by a piece of cardboard in the size of a credit card. 
Participant A proposed "a holographic colour receiver [...] could be in the form of a 
card". This original idea was agreed upon also by participant B, and subsequently 
the discussion moved quickly into more detail with details of the design solution 
being proposed as soon as four m inutes into the experiment. Remarks like "So 
the cam era should be here and then [...] we have the buttons here" or "How thick 
would it be? Should we use this [holding up a piece of cardboard]?" indicate the 
level of detail the design discussion was engaged in as early as five m inutes into 
the experim ent (Figure 156).
[i] .1 was thinking 
about a hologra­
phic colour recei­
ver [...] could be in 
the form of a card"
[5] „you can even 
watch livestream 
videos"
[3] „you can put it 
on the table and 
then it's like a 3D 
hologramme"
Time 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05:00
Concepts/Ideas 1 2 3,4 5
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 156: Design moves occurring between m inutes 0-5 of experiment 22.
• •  •
[2] „is it like an 
app? does it 
have to be an 
individual de - 
vice or can it be 
integrated?"
[4] „so the ca ­
mera should be 
here and then 
[...] we have the 
buttons here"
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After six minutes, Lego is also being used in com bination with cardboard inspiring 
another key concept em erging soon afterwards, expressed by the question: "what 
if it's like a watch?" (Figure 157).
[6] „how thick would it 
be? Should we use this 
[holding up a piece of 
cardboard]?"
[7] „it can't be that 
skinny. [...] maybe like a 
memory stick [holding 
up a Lego brick]?"
[9] .this is actually quite 
nice [holding a Lego ele­
ment] when you want to 
record and the camera is 
there [pointing] then you 
can put it here and then 
record yourself"
[10] „I think it will have 
to have a strap so it will 
come like a watch or 
bracelet thing"
[12] „if the straps can be 
like a very fine... what 
is it called? it charges... 
[...]" - .the light battery?" 
- „yeah, like a very malle­
able one"
Time 05:30 06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00
Concepts/
Ideas
6 7 8 9,10 11 12,
12a
Materials used
_Sketching
_Lego
_Cardboard
_Clay
Figure 157: Design moves occurring between m inutes 5-10 of experiment 22.
Sketching is used after 11 minutes, noticeably not as a prototyping medium, but as 
a form of presentation or description. Participant B proposes to "make a sketch to 
explain it." Subsequently, one participant engages more in sketching the individual
[8] „what if it's like 
a watch?"
[11] .1 think it 
would be better if it 
was that way [hol­
ding piece of Lego 
on wrist] because 
then the buttons 
are here"
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features of the design solution for representational purposes while the other works 
out details on the m ock-up w atch (Figure 158). However, on different occasions the 
participant sketching would interact with the three-dim ensional model, too, and 
contribute possible im provem ents to the design solution like: "The Lego needs to 
be this way [pointing] so you can reach the buttons". The analysis shows that m ost 
ideas were exchanged in the time Lego and cardboard were used, betw een 5 and 11 
m inutes into the experiment.
[13] „what about 
having head­
phones?"
[14] 14: .we can 
make a sketch to 
explain it"
 >
Time 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
Concepts/ 13,14 15 16
Ideas
Materials used
_Sketching
-Lego
-Cardboard
_Clay
Figure 158: Design moves occurring between minutes 10-15 of experiment 22.
[15] „how do we call it" 
[...] „watch squared"
[16] .probably stick on 
a little camera" „oh, 
and the buttons"
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In segm ent 4 (Figure 159) the participants used all four prototyping m edia 
simultaneously.
117] „the Lego needs 
to be this way [poin­
ting] so you can 
reach the butttons"
[19] „what about the 
charger? [...] what 
if on both ends [...] 
its striped and the 
structure is that 
way that when you 
connect they fill the 
space out"
   >
Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00
Concepts/ 17 18 19
Ideas
Materials used
_Sketchmg
_Lego
_Cardboard
_Clay
Figure 159: Design moves occurring between minutes 15-20 of experiment 22.
Notably, as in the figure above, the location were the design moves seem  to 
originate is to be found in the shared, interpersonal space (Figure 150).
[20] watch more - 
more than a watch?" 
[branding]
[21] „is this pattern 
like this or is it just 
stripes?" „it can be 
just stripes"
_ >
Time 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00 24:30 25:00
Concepts/ 20 21
Ideas
Materials
used
-Sketching
_Lego
-Cardboard
_Clay
Figure 160: Design moves occurring between m inutes 20-25 of experiment 22.
[18] ,,what if we make 
the lock like a small 
thing [inaudible] and 
then you can charge 
it?"
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In the last segm ent (figure 161) the final design seem s to be com pleted in m inute 
27. The last design move contributed relates to the nam ing of the design solution.
 >
Time 25:30 26:00 26:30 27:00 27:30 28:00 28:30 29:00 29:30 30:00
Concepts/ 22
Ideas
Materials used
.Sketching
_Lego
.Cardboard
.Clay
Figure 161: Design moves occurring between m inutes 25-30 of experiment 22.
Experiment 22 shows the an intensive use of the interpersonal space. The smaller 
dots and circles also indicate that pauses were shorter than in the other experiments. 
What seem ed to be lacking, w hen com pared to experiments 16 and 19, was an 
initial brainstorm ing phase. Although a few ideas were exchanged, the designers 
very quickly decided on a route to follow.
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Figure 162: Com bined view of Proxemic Motion Trace Analysis and Linkograph in experiment 22.
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Linkograph
Taking a closer look at the linkograph of experiment 22, the observations made 
earlier seem to be echoed. As a striking characteristic of the design process illustrated 
in Figure 162, the absence of orphan moves can be emphasised. All design moves 
or ideas recorded seem to be connected to each other in some way. The moves 3 to 
12 build a sawtooth pattern (which is slightly distorted by the adapted depiction as a 
combination of PMTA and linkography). This pattern indicates that quite early on in 
the design process, starting four minutes into the design task, the participants were 
thinking in a rather linear manner: one design move leading to another, pushing 
forward one specific design solution. However, this pattern is broken up in the 
latter stage of the process.
What appears to be missing is a sequence where the different aspects of a specific 
design idea would be thoroughly inspected and connected with and evaluated 
against each other. Such a sequence would be indicated in the linkograph by the 
emergence of a web pattern.
Design move 15, in which a name for the design solution is being proposed 
('watch2' or 'watch squared') does show the longest link span, reaching to the last 
design move 22, where the final name is being suggested. Design move 15 was 
recorded 14 minutes into the design task. The fact, that the participants began to 
think about a name for their design solution indicates that they already arrived at 
a mutual understanding and an agreement of what the final product would be in 
the middle of the design process. This interpretation is somewhat corroborated by 
the fact that about 11 minutes into the process one participant proposes devising a 
sketch which would explain their solution -  and subsequently, focusing its work 
on sketching, especially between minutes 20 to 30.
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Artefacts produced
The connected nature of the collaboration is reflected in the two artefacts produced 
by the participants. While agreeing to work on different artefacts after around 11 
m inutes into the task, the prototype and the sketch showed a very high congruency 
in the features they display.
Figure 163: Watch prototype made of cardboard, paper, Lego and clay.
watch1
wtuhl
H **iM dx
Figure 164: Sketch drawn to illustrate the watch's different features
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Connectedness
Analysing the connectedness of the collaborative design activities, experim ent 22 
shows another example of a very connected design process (Figure 165). Three 
times the highest score was reached. The lowest scores were recorded at the 
m edian value of 6. Notably, the ratio of contributed design moves dropped in the 
last segm ent to the lowest individual score of 1. This m ight be due to the fact that 
the participants chose to split up, with one participant drawing an explanatory 
sketch and the other finishing the prototype. This separation can also be seen in 
the appropriate PMTAs of the last two segments. The focus of the m otion traces 
gradually moved away from the interpersonal space betw een the two participants 
to their individual spaces.
Experiment 22 | Connected Designing
Degree of Connectedness per Observational Segment
0-5
min
5-10 10-15 
min min
15-20 20-25 
min min
25-30 30-35 35-40 
min m in min
Degree of symmetrical motion 
traces b synchronous motional 
activity
3 3 3 3 3 2
Ratio of contributed ideas/de­
sign moves
2 1 3 2 3 1
Degree of linkage between ide­
as/design moves
3 3 1 3 3 3
Degree of connectedness 8 7 7 8 8 6
(Lowest value: 3, highest value: 9)
0-5 min 5-10 min 10-15 m in
r 2 8 1314
15-20 min 20-25 min 25-30 min
17 20 18 19 21PK
Figure 165: Evaluation matrix for the degree of connectedness and PMTAs of the individual phases of 
experiment 22.
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While the first and the middle segments clearly show a high degree of connectedness, 
the third and the last two segments differ in the nature of the collaboration 
occurring in them. In the third segment, the symmetry of the motional activity is 
equal, but the linkage between the participants' design moves is rather weak, while 
the ratio of contributed design moves is slightly biased. There is again a drop in 
the calculated scores at the end of the experiment. In the last segment, only one 
participant contributes design moves and the symmetry of motional activity tails 
off. However, the design moves seem to be highly linked to the moves proposed in 
previous segments.
Summary of experiment 22
In experiment 22, a case of connected designing can be observed. Using all four 
prototyping media provided, the motional activity was most intense in the first 
two-thirds of the design process, where three-dimensional prototyping media 
were used. Once the participants switched to sketching, the activity showed a 
separated pattern, similar to the sketching activities observed in earlier examples. 
Notably, the first idea emerged while using cardboard. Subsequently, the discussion 
moved very quickly into details of the design solution. The linkograph illustrates 
that no orphan moves were recorded during the whole process, indicating that no 
brainstorming phase took place, where many possible design directions would be 
explored. It also shows that, early in the process, the participants seemed to think 
in a rather linear fashion, following one specific idea. In the middle of the process, 
verbal expressions indicate that the participants had already a very precise idea of 
their design solution. They decide to split up the work, one finishing the model, 
the other drawing a sketch presenting and explaining the design solution. This 
corroborates earlier observations of sketching being used to express preconceived 
ideas. Overall, the measured connectedness of the experiment is very high, 
dropping off a little toward the end, where sketching was used. This also supports 
the findings made in earlier examples.
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In this chapter a closer look was taken at the intensity of movement, rate of talk, 
gestural types, and verbalised thoughts, as well as the emergence and linkage of 
concepts to design moves. Investigating the design process, not just in individual 
analyses, but bringing together different kinds of perspectives in order to gain a 
more comprehensive understanding of what is going on when we design, offers 
intriguing insights. Reflecting the role artefacts and prototyping media play in the 
design process, and particularly in design discussions, such a converging view 
of the data obtained in 23 controlled experiment appears to be fruitful. The next 
chapter will discuss and interpret the results obtained in these analyses.
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7 Interpretation and discussion
Two initial hypotheses underlined the main research question of this thesis as 
to how different types of prototyping media contribute to collaborative design 
processes, particularly the 'quality'of verbal and non-verbal interaction: (1) different 
kinds of prototyping media inform qualitative aspects of social dynamics in 
collaborative design processes; and (2) different kinds of prototyping media inform 
the co-construction of knowledge in collaborative design processes.
This chapter will interpret and discuss the results obtained in the previous chapter 
and set them in relation to the hypotheses proposed.
7.1 Interpretation of the skill-building tasks 
and main design tasks
7.1.1 Materials and social dynamics in collaboration
Overall, the results presented in this thesis indicate that there is evidence to suggest 
that different materials can inform the quality of social dynamics in collaborative 
design processes. The prototyping material informs the quality of verbal and non­
verbal interactions in several ways:
The rate of talk was found to differ with individual prototyping materials in the 
way that certain materials informed active collaboration with decreased levels 
of verbalisation. Comparing the rate of talk occurring in the sketching and the 
Lego condition -  as the two most contrasting activities -  the data obtained in the 
skill-building tasks revealed that, while using Lego, the verbal rate was attenuated 
during certain phases of the design process as both participants were active in the 
interpersonal space. Clearly, some sort of collaborative design activity was going 
on. However, it seems that this form of activity was not amenable to verbalisation. 
This has been observed previously by Lloyd et al. (1994) and led them to conclude
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that designing should not be seen as one activity, but instead as "consisting of many 
interlocking and overlapping processes" (p. 239) which incorporate different modes 
of thinking. Somewhat in accordance, Clark (2008) puts forward the idea that certain 
kinds of thinking can only occur when hands are actually moving. Furthermore, 
this echoes work such as Casakin and Badke-Schaub's (2013) observation that the 
more mental models become shared, the less verbal communication seems to be 
needed.
The intensity and location of hand movements were found to differ with individual 
prototyping materials in the way that certain materials informed a more converged 
motional activity in the interpersonal space while the other informed a more 
separated motional activity within the personal spaces. When looking at the 
intensity of movement occurring in the skill-building tasks, the data showed that 
when participants employed two-dimensional prototyping, i.e. sketching, the 
locus of their individual motional activities remained to a large degree within their 
personal spaces. When using one of the three-dimensional prototyping media 
provided in the experiments, clay, cardboard and Lego, the interpersonal space 
between the two participants was used significantly more frequently and more 
intensely. In addition, more pauses were recorded when sketching compared 
to using a three-dimensional prototyping medium. These results seem to imply 
that, when using three-dimensional media, people tend to leave their individual 
spaces more readily and interact more intensely in the shared space. This might 
have significant effects on the quality of collaborations and design discussions. As 
Lawson (2001) points out, the way we use "the language of space" communicates, 
for example, "our willingness or otherwise to be approached, interrupted, greeted 
and engaged in social intercourse" (p. 2).
The separateness and connectedness of collaboration were found to differ with 
individual prototyping materials in the way that certain materials informed more 
connected forms collaboration. Converging different perspectives in the analysis 
of seven main design tasks, similar characteristics of the design activities, as 
observed in the skill-building tasks, could be discerned. In experiment 16 a
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separated collaboration could be observed, when the participants were using 
sketching as a prototyping medium. In this instance, the two participants interacted 
asymmetrically and in a distanced manner, as indicated by the motion trace analysis. 
Moreover, their ideas and design moves were only loosely connected, further 
supporting the interpretation as a rather separated collaboration. Experiment 19 
illustrates the transformation occurring when participants change the prototyping 
medium. Starting out sketching, the motional traces remained very much in the 
personal spaces, but once clay was used, the focus of interaction switched to the 
interpersonal space. Notably, the design moves became increasingly linked once 
the material had changed. A similar picture presents itself in experiment 22. The 
participants started out using all four prototyping media early on, resulting in an 
intensive use of interpersonal space and linked design moves. Towards the end of 
the design process, the participants decided to split up with one assigned to draw 
an explanatory sketch. Once this split was made, the motion traces recorded again 
showed a separation into the personal spaces. Notably, however, the artefacts 
produced in this experiment, a physical model and a sketch, still showed a high 
degree of congruence in their representation of the underlying design concept.
These observations were consistent over the rest of the experiments that were 
analysed in more depth. Experiment 1 did show the same symmetric and linked 
collaboration, with the participants using all three three-dimensional prototyping 
media provided. The same symmetry could be observed in experiment 4, where also 
all three-dimensional media were used. Notably, in this example, the participants 
skipped an early divergent search for different design directions in favour of 
immediately starting to prototype. Experiment 5 depicts the same convergence 
of activity in the interpersonal space once three-dimensional media are used. 
Experiment 12, using only sketching, could be characterised as a case of increasing 
separateness. While the participants agreed upon a shared design direction during 
brainstorming, they split up after sketching, resulting in an increasing degree of 
separateness in their collaboration. In this instance significantly more pauses and 
periods of inactivity, indicated by dots and circles, were recorded. This might, on the 
one hand, lead to the interpretation that sketching is an activity that requires more 
pauses to reflect and evaluate the artefact produced. On the other hand, it could
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be speculated that sketching might inhibit concurrent verbalisation: for example, 
by consuming more cognitive capacity in externalising a pre-formulated idea 
than when using three-dimensional prototyping media. The same experiment, 
however, shows an increase in the overlap of motional activity between minutes 
10 to 15 as well as 20 to 25 while using sketching. This observation remains 
unaccounted for. It could be speculated that both participants were skilled in 
sketching, which mitigated their reluctance to interfere with each others sketches. 
Such an interpretation seems to be supported by the quality of sketches produced 
in this experiment.
7.1.2 Materials and knowledge construction in collaboration
There is strong evidence to suggest that different kinds of prototyping media 
inform the co-construction of knowledge in collaborative design processes. The 
immediacy of use and the tentativeness of prototyping materials informs the co­
construction of knowledge in collaborative design processes in several ways:
Different kinds prototyping media were found to support preconceived or emergent 
ideas. When analysing the results gained by observing the use of different gestural 
types during the design discussions, a difference between the prototyping media 
became apparent. When sketching, the participants used representational gestures, 
i.e. gestures that are meant to represent something, at the beginning of the design 
process. When using three-dimensional prototyping media, the reverse was the 
case. One way of interpreting this observation might be to infer that, w hen using 
sketching, the participants had already formed a preconceived idea or concept in 
their minds which they proposed in the beginning. On the other hand, it appears 
that when using three-dimensional prototyping media, ideas emerged from the 
design activity performed while searching for a design solution.
Delving deeper into the issue of preconceived and emerging ideas, analysing 
twelve skill-building tasks, the sketching and the cardboard condition yielded 
similar results. In both cases, most of the ideas were proposed and discussed at 
the beginning of the tasks, compared to the Lego condition, where ideas were 
discussed either in the beginning and the end, or throughout the process. This
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seems intuitive, since sketching as well as using a semi-structured material like 
cardboard requires a certain degree of advance planning and coordination of the 
individual activities. Cardboard, as a semi-structured material, for example, needs 
to be cut into different shapes, glued or stuck together. Similarly, figurative sketches 
require certain design decisions in advance. With Lego, on the other hand, shapes 
and forms can be assembled and disassembled quite intuitively without much 
planning.
Different kinds of prototyping media were found to inform the cognitive influence, 
which affects the separateness or connectedness of collaboration. In the main 
design task of experiment 16, sketching was first used after around 6 minutes. 
Interestingly, it was only used briefly. The actual main sketching activity seemed 
to start only after 21 minutes. One interpretation of this observation might be that, 
while in the previous experiment using three-dimensional prototyping media 
working with the materials sparked new ideas, sketching might be used more as a 
notation of ideas emerging from the brainstorming phase. The main design task of 
experiment 16 was also characterised by a loose connection between the individual 
design moves of the designers, indicating that the participants did not engage in 
an intense co-construction of knowledge. Related observations could be made 
in the main design tasks of experiments 19 and 22. Once the prototyping media 
changed from two-dimensional to three-dimensional the design moves became 
more connected in experiment 19 and vice versa in experiment 22. Notably, such 
changes were observed to coincide with a change in the nature of design moves 
contributed. In experiment 5, for example, while in the brainstorming phase, the 
design moves proposed were exploring various possible design directions, once 
a three-dimensional prototyping medium was used, they changed to being very 
specifically concerned with the individual functional or aesthetic properties of the 
design solution.
In trying to measure the degree of connectedness occurring in the individual 
experiments -  evaluating the symmetry of interaction, the equality of contribution 
and the mutuality of cognitive influence -  these observations were reflected in the 
calculated values. Looking at 5-minute segments of the design process, experiment
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16 did show an average below the median value, even scoring the minimum value 
two times. Experiment 19 was evaluated way above average, scoring the maximum 
value in four out of six segments. Experiment 22 was evaluated almost equally above 
average regarding the degree of connectedness, yielding four segments showing 
values between 8 and 9 out of six 5-minute segments analysed. Experiments 1,4 and 
5 ranged above average as well. Notably, the specific combination of the individual 
evaluations (of the symmetry of interaction, equality of contribution and mutuality 
of cognitive influence) did seem to be in accordance with the observations made in 
the previous analyses. In experiment 12, for example, the increase in separateness 
identified could also be seen in the measured values.
Having set the results in relation to the hypotheses proposed, in the general 
discussion we will look at their significance in regard to the existing literature.
7.2 General discussion
The discussion of the hypotheses in the previous sections allows to answer the 
main research question posed in this thesis as to how different types of prototyping 
media contribute to collaborative design processes, particularly the 'quality' of 
verbal and non-verbal interaction. Different types of prototyping materials have 
been found to inform social dynamics and knowledge construction in collaborative 
design processes. The following sections will discuss these findings from a more 
general perspective related to the existing literature.
7.2.1 Prototyping media and social dynamics
Fluid collaboration
Investigating how designers interact to accomplish fluid collaboration, McDonnell 
(2012) proposes to look at three axes of attention movement: (1) between the 
requirements and the design; (2) between design context and use context; and (3) 
between breadth and depth. This'thesis has shed some light on the understanding 
of how different prototyping media contribute to these movements. When 
using sketching, for example, the flow between the discussion of requirements
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and the design solution seemed to be inhibited. Design ideas were found to be 
predominantly preconceived, discussed and subsequently brought to paper. The 
discussion of the solution requirements and the design was separated into two 
steps. This, however, was not the case when using three-dimensional prototyping 
media. When moving between design context and use context, three-dimensional 
prototyping media informed the verbal and non-verbal interaction in a different 
way than sketching. In contrast to sketching, the multi-modal nature of three- 
dimensional prototypes did allow one to test design ideas in a concrete use context, 
resulting in new ideas and refinement. The movement between breadth and depth 
seemed to be mediated by the prototyping medium as well. Three-dimensional 
media tended to let the participants focus on specific features, primarily functional 
or aesthetic properties, of a design solution while sketching did less so, indicating 
that it was more conducive to explore the breadth of design possibilities.
'Fluid' and 'frozen' materials
One way to look at these findings might be found in Whyte et al.'s (2007) distinction 
between 'fluid' and 'frozen' materials. Whyte et al. define materials as "fluid, when 
they are altered through the unfolding practice; and frozen, where they are 
referred to and talked about, but themselves remain unchanged" (p. 21). These 
categories, however, are not absolute. Materials can unfreeze and refreeze. Based 
upon the observations made in this research, it could be speculated that when an 
asymmetrical collaboration occurs -  be it, for example, by a difference in skill, 
expertise or personality -  some materials might freeze more readily than others. It 
has been argued before that sketching requires some degree of artistic skill and often 
serves to visualise preconceived ideas. Such features might encourage sketching 
as a prototyping medium to freeze more quickly. An observation supporting this 
interpretation was made when sketching was used to visually record the ideas 
brainstormed and to annotate the final design solution in two main design task 
experiments -  illustrating two main activities frozen materials are used for. Whyte 
et al. (2007) point out that "acts of unfreezing and refreezing visual materials, and 
the associated representations, are important in structuring social relations for 
delivery" (p. 21). In this regard, a prototyping medium more prone to freeze when an 
asymmetrical collaboration manifests itself might impede the occurrence of fluid
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collaboration as proposed by McDonnell (2012). By guiding the designers' focus on 
specific, functional or aesthetic properties of the collaborative design solution, and 
by being more tentative in nature, structured and unstructured prototyping media 
might be able to resist becoming frozen in such situations, and, thus, to enable a 
more fluid collaboration.
Focusing nature of prototypes
In comparison to three-dimensional prototyping media, sketching focused 
conversations less on specific features of a design solution and explored them  in 
less detail. When using three-dimensional prototyping media, the quality of the 
verbal interaction was characterised by m uch more specificity. It has been argued 
that prototypes lead to decreased design fixation (Viswanathan b Linsey, 2009; 
Youmans, 2011). The results of this thesis might be interpreted as a contradiction 
to such claims. Ball, Onarheim and Christensen (2010) argue that designers tend to 
first explore the breadth of possibilities before developing a solution in more depth. 
However, according to Ball et al., expert designers when facing high-complexity 
requirements, will especially switch from a breadth-first to a depth-first approach 
when trying to "assess the viability of uncertain concepts and gain confidence in 
their potential applicability" (p. 572). The results from this thesis's research, therefore, 
could also be seen as an indication that using three-dimensional prototyping 
media facilitates an earlier, necessary focus and tackling of complex design issues 
in collaborative design processes.
Connectedness
When looking at the data, it showed that sketching resulted consistently in more 
separated collaborative design activities. When sketching, for example, the locus 
of the motional activity used to be within the personal spaces of the participants. 
When using three-dimensional media, the interpersonal space between the two 
participants was used much more intensely. When using different characteristics of 
collaboration proposed by Dillenbourg (1999) -  being the symmetry of interaction, 
mutuality of cognitive influence and equality of contribution -  to measure the 
connectedness of the collaborative activity observed, these differences were also 
echoed in the individual scores. The experiments in which three-dimensional
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prototyping materials were used did show a higher degree of connectedness 
than the experiments, where only sketching was used. One way to interpret these 
findings might lie in Barbapour Chafi's (2014) observation that sketches can only 
be read in a visual way, while physical models enable the designers to interact with 
the artefact in more ways than just to look at it. Another interpretation could be that 
sketching is thought of as something more artistic than working, for example, with 
Lego. Lawson (2006) suggests that "the form of representation used and the skill in 
using them are likely to have a huge effect on the design process." This could result 
in a reluctance, especially from novice designers, to show their work for fear of the 
drawings not being artistic enough, as well as to interact in each other's sketches. 
When using three-dimensional prototyping materials, such inhibitions seemed 
not to occur in the experiments. A possible explanation of this observation could 
be a more tentative nature of three-dimensional materials.
McDonnell (2009) proposes the conversational strategy of tentativeness as a crucial 
feature of constructive collaboration. By allowing the proposal of design ideas 
without signalling commitment and to backtrack on decisions made in an easy 
way, tentative moves help to resolve disagreements and ensure design progression. 
Such moves are fostered by using materials like Lego instead of sketches, which 
make it much harder to propose, alter and backtrack design ideas in a tentative way.
7.2.2 Co-construction of knowledge and prototyping media
Sharedness of mental models
The differences observed above relating to the degree of connectedness could 
also be seen as giving clues to the sharedness of mental models in collaborative 
design processes. Casakin and Badke-Schaub (2013) argue that a higher degree 
of sharedness leads to a decrease in the verbal rate, as designers do not need to 
discuss anymore to reach a shared understanding of each other's ideas. Indeed, 
such a decrease in the verbal rate could be observed in the experiments when both 
participants were working in the shared space between them when using Lego. 
Dong et al. (2013) point to the importance of team cognition in the performance 
of multidisciplinary teamwork. They argue that team mental models support 
coordinated team performance. In this context, the results of this thesis indicate
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that more connected collaborative design activities, occurring when three- 
dimensional prototyping media were used, lead to more shared mental models, 
and indeed better team performance.
Emergence of concepts
When analysing the emergence of ideas and concepts in the experiments, the 
participants did seem to express preconceived ideas when sketching, and to let 
concepts emerge while working with prototypes. This might be linked to two 
observations made by Perry and Sanderson (1998) and Edelman and Currano (2011). 
Perry and Sanderson (1998) report that prototypes not only serve as a resource 
for discussion, but also are formed and generated by them -  arguably leading 
to new insights and concepts in the process. Why this is not happening to the 
same degree when using sketching might be found in the material itself. Edelman 
and Currano (2011) propose that 'ambiguous media' lead to divergent discussions 
and 'mathematised media' to convergent discussions. While sketching could be 
characterised in many ways as ambiguous, in contrast to clay, for example, it 
requires much more thought and reflection before drawing an idea, especially in 
the context of design discussions. When using clay, on the other hand, a designer 
can start forming shapes without having a preconceived idea. Eckert et al. (2013) 
propose that the implicit and explicit formality of design processes, interactions 
and representations creates and restricts the possibilities of how designers plan 
and execute their collaborative activities. A sketch could be argued to possess a 
higher degree of formality, by its requirement for the preconception of ideas and 
artistic skill, than three-dimensional prototyping. Such a difference could account 
for why concepts emerged from the collaborative design activities when using 
Lego or clay, but m uch less so when sketching.
Facilitation of joint knowledge transformation
This observation also relates to the concept of prototypes as boundary objects. Carlile 
(2002) proposes that boundary objects provide a shared language representing the 
individual participants' knowledge, a means to learn about the differences, and 
a means to facilitate the collaborative transformation of knowledge. Particularly 
when using three-dimensional prototyping media, these characteristics could be
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observed. When using Lego, for example, everyone seemed to be equally skilled 
and knowledgeable of how to use the bricks and elements, resulting in highly 
shared artefacts and a connected collaboration. When sketching, the proficiency 
of drawing and reading two-dimensional representations of design ideas -  or 
lack thereof -  seemed to significantly restrict the sharedness of the artefacts. In 
addition, the emergence of ideas and concepts during the design process using 
three-dimensional prototyping media supports Carlile's (2002) as well as Holzer's 
(2012) claims that prototypes facilitate joint transformation of knowledge. It could be 
speculated that the higher degree of sharedness in three-dimensional prototyping 
could result in a stronger sense of ownership in the design solution. McDonnell 
(2009) argues that collaborative negotiation fosters the designers' notion to take 
ownership of a design concept, which results in more effective collaboration. The 
more the artefacts are shared -  as when using Lego -  it could be proposed, the 
more the participants take ownership of the collaboratively constructed design 
solution.
In this thesis, no attempt was made to evaluate the value, quality or creativity of the 
design solutions developed during the individual experiments. Thus, it does not try 
to make any inference on the relation between the prototyping media used and the 
quality of the solution. In addition, the thesis did not attempt to evaluate sketching 
as a design method. Over the centuries, drawing has proved itself an indispensable 
tool not only for designers, architects and engineers, but also for almost all creative 
professions. Thus, this research has to be understood as far from diminishing the 
inherent and indisputable value of sketching. However, it tries to shed light on the 
relation of the various prototyping media at the disposal of the designer and the 
interactions occurring when using them. Brereton et al. (1996) have identified quite 
a while ago that "many solution proposals and interpretations of requirements 
clearly arise from designers' interacting with available hardware" and proposed 
that a "compelling analysis would result from examining how hardware acts as 
a negotiator to steer the activity" (p. 339). This thesis has tried to provide such an 
analysis.
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8 Conclusions, lim itations 
and implications
8.1 Conclusions
Prototypes not only epitomise what design appears to be in the general perception, 
they really are a crucial and essential aspect of every designer's work -  albeit that, 
the shiny object unveiled from a black cloth to a stunned public is only the tip 
of the iceberg. In practice, often simple and crude prototypes made out of paper, 
cardboard, foam, clay or whatever material seems to fit the purpose are being used 
to help the designer's cognition. Thus, prototyping is an integral and fundamental 
part of every design process -  even more so as, in today's professional world, the 
necessity for designers to collaborate appears to be constantly increasing. While 
it might be argued that, when developing solutions for complex problems, they 
always needed to work with other designers and professions, it could be argued that 
this has become a conditio sine qua non in the light of the ever more converged 
products we use today -  from smart phones, to smart watches, and -  why not? 
-  smart fridges, to name only a few. In practice, design collaboration in the form 
of design discussions most often occurs over design artefacts. Thus, it seems 
appropriate to look at these two essential parts of the design process -  prototyping 
and collaboration -  more closely. However, the role of such artefacts in collaborative 
design processes and the qualities of the collaborative design activities they enable 
are still an under-researched area. This might be due to the difficulty of measuring 
the verbal and non-verbal components of collaborative design activities that occur 
w hen prototyping.
This thesis set out to investigate how different types of prototyping contribute to 
collaborative design processes, and the verbal and non-verbal interaction occurring 
within them  in particular. By moving from unstructured field observations to 
controlled experiments, it has shown that three-dimensional prototyping, in
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contrast to two-dimensional prototyping, resulted in more connected types of 
collaboration, fostered the emergence of design ideas throughout the design 
process, focused discussions on aesthetic or functional aspects depending on the 
materials used, and led the designers to pay more attention to specific features of 
a design solution.
The investigation conducted in the course of this thesis evolved from observed 
practice to observable practices. First, a look into the context of everyday design 
activities was taken. How do designers work? How do they collaborate? What 
prototypes do they use? How do they organise their workspace? When and where 
do they talk about their designs? Questions like these guided the first inquiry 
conducted in the form of unstructured field studies. For this purpose, an industrial 
design, a graphic design, an experience design, and an interaction design studio 
were analysed in more depth. To contrast these insights with practices outside the 
design world -  which could also be described as creative, albeit not in a traditional 
understanding -  the thesis also looked at a research group at Princeton University. 
The observations made echoed the importance of prototypes in the design 
process, as suggested in the literature. Various kinds of prototypes found in the 
existing literature, could be identified in design practice. For example, prototypes 
found were used as 'proof-of-concept' and 'proof-of-production' prototypes, 
according to Ullman's (2003) classification. They were also observed to possess 
the three dimensions proposed by Houde and Hill (1997) -  'role', 'function' and 
'form' -  although in design practice prototypes were observed to be designated 
representing a 'function prototype' or a 'style prototype'. In addition, another 
quite significant type of prototype found was 'throwaway' (Sommerville, 1995) or 
'experimental' (Budde et al., 1992) prototypes. All the expert designers interviewed 
emphasised the importance of working with the artefacts, pointing to the 'power 
of the real' which prototypes seem to possess. Furthermore, in observing designers 
at the interaction design studio using data from a live webcam video feed, the 
importance of discussions in the design process became apparent: the designers 
spent more than one-third of their time discussing. While not being able to actually 
hear what they were talking about, it can be assumed that some sort of verbalised
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negotiation or construction of the design solution took place as suggested by 
Bucciarelli (1994), Lloyd and Busby (2001) and Ariff et al. (2013).
These first observations pointed to the roles artefacts may play in the design 
discussions, for example, by focusing the conversation on specific aspects and 
contents of a design solution. Glock (2009), however, suggests that such discussions 
are not only limited to verbalised communication, but also extend into non-verbal 
interaction, and are characterised by a "simultaneous use of different kinds of 
semiotic practices in different media (such as language, gesture, and drawing) 
which mutually elaborate each other" (p. 5). Therefore, these findings raised more 
questions, such as: How exactly do prototypes relate to the discussions they are 
used in? Do specific kinds of materials have different effects on the verbal and non­
verbal interaction between designers? And: how do two-dimensional prototyping 
media, like sketching, differ from three-dimensional materials?
In order to answer these more focused questions, it became apparent that a more 
controlled approach was needed. Design research, as an integrative discipline, 
draws upon methods from many scientific domains, as Friedman (2003) points 
out. Cross (1999) emphasises that design researchers need to use those traditions of 
scientific inquiry while developing their "own intellectual culture, acceptable and 
defensible in the world on its own terms" (p. 7). The methods used most frequently 
are expert interviews, observations, case studies, protocol studies, reflection and 
theorising, as well as simulation trials (Cross, 2006), all of which have their own 
advantages and disadvantages. Interviews, observations and case studies have 
been useful in the earlier part of this thesis, as they allowed to discern 'real-world 
behaviour' in design practice. However, they fell short when trying to obtain and 
analyse the data in a more controlled way. Cross (2006), for example, points out that 
interviews have been used predominantly to obtain the designers' thoughts about 
their processes and procedures in an unstructured way. Case studies receive a 
harsher critique, such as Campbell and Stanley (1966) who argue that "such studies 
have such a total absence of control as to be of almost no scientific value" (p. 6). 
These limitations were also experienced, to a certain degree, in the course of this
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thesis. Interviews, observations and case studies served well to identify potential 
categories early on, but seemed unable to provide sufficient depth and control in 
later analyses.
To investigate the role of prototypes in collaborative design processes, especially 
in regard to verbal and non-verbal interactions, in a more controlled experimental 
context, a new method was developed for this thesis in a series of pilot studies. 
Different group sizes, materials, forms of presentation and recording, as well as 
analyses, were tried before moving to the main study with a refined and tested 
experimental set-up. Gradually, a more visual approach to analyse the data 
recommended itself from the insights generated. This development led to the 
formulation of a new methodology for analysing design activity, the Proxemic 
Motion Trace Analysis (PMTA). This new approach of investigating design activity 
represents one of the two major contributions of this thesis. By converging various 
aspects of the design process, which have formerly been looked at only individually, 
the methodology allows for a more comprehensive understanding of what is going 
on when designers collaborate. It also provides an enhancem ent for other methods 
of analysis, like, for example, Goldschmidt's (2014) linkography. As a way to visually 
notate and link individual design moves of a design process, linkography enables 
the identification of critical design moves and patterns of design activity. However, 
through its abstract matrix representation of the design moves, it separates 
important aspects of the design process from its analysis. Used in combination, 
the PMTA allows linkographic analyses to incorporate critical characteristics, like 
the individual designers' spatial activities performed, the symmetry of interactions 
occurring, or the location of the origin of the design moves -  providing a m uch 
more integrated picture of the collaborative design process. These more holistic 
insights into the design process, however, could also be used in combination with 
more focused methods, like conversation analysis to set the verbalisations analysed 
into a wider context.
The main study gathered and analysed the data from 23 controlled experiments. 
Participants were recruited amongst the students of the University of the Arts
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London's Central Saint Martins College of Arts and Design. In each experiment, two 
design students were paired up to work collaboratively on different tasks. A skill- 
building task was given to familiarise the participants with the materials provided 
as well as to focus on individual differences of designing with these materials, 
and a main task to simulate a real-world project brief. An unstructured material, 
clay, a semi-structured material, cardboard, and a structured material, Lego, were 
provided as three-dimensional prototyping media. As a control condition, a two- 
dimensional prototyping medium -  a sketch pad and pencils -  was handed out.
By analysing selected aspects of the design activity observed -  like verbal rate, 
intensity of movement, gestural types or the emergence and linkage of ideas -  
various characteristics could be discerned of the relation between prototypes and 
the quality of the discussions occurring during the experiments. The most striking 
finding was the apparent difference between the three-dimensional prototyping 
media, clay, cardboard and Lego, and the two-dimensional medium, sketching. 
An effect of the prototyping material of a design artefact on the design process was 
suggested earlier (Lawson, 2006; Whyte et al., 2007; Leifer & Steinert, 2011). Leifer 
and Steinert (2011), for example, argued that "the choice of prototyping material or 
environment directly influences the amount and degree of generated alternatives" 
(p. 397). An influence of the different prototyping materials on design processes 
could certainly be observed in the experiments.
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8.2 Claim to new knowledge
This thesis contributes to the existing knowledge in two ways:
(1) By providing a new methodology, the Proxemic Motion Trace Analysis PMTA, 
to analyse collaborative design processes in a more integrated way and to 
enhance existing methods; and
(2) By contributing new findings to the understanding of the role of prototypes 
and the media used to produce them in collaborative design processes, 
especially in regard to the verbal and non-verbal interactions.
8.2.1 PMTA methodology
The Proxemic Motion Trace Analysis PMTA allows design researchers to converge 
different aspects of collaborative design activities in order to gain a more 
comprehensive understanding of design processes. On the one hand, the PMTA 
provides a new opportunity to obtain and analyse valuable data on how designers 
use the personal and interpersonal space when collaboration is co-located. This 
appears to be an important aspect of any collaborative design activity, as the way 
people use space to -  often subconsciously -  communicate with others reveals 
crucial information about how they feel and think about the other, the design 
solution developed, and the collaboration taking place. On the other hand, PMTA 
can be combined with established and valuable research methods, such as protocol 
analysis, observation or linkography, in order to gain a fully integrated picture of 
design processes. The results obtained in the course of this thesis suggest the 
conclusion that the method developed in the course of this thesis can indeed provide 
a more comprehensive picture of the verbal and non-verbal interactions occurring 
in collaborative design processes when using different types of prototypes. By 
incorporating different perspectives on design activities, it allows researchers not 
only to rely on one specific analysis, but to combine different aspects in order to 
reflect on the data in a more cross-linked way.
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The significance for design research is to be found in the more integrated 
perspective and understanding of different individual aspects of designerly ways 
of solving problems, offered by the Proxemic Motion Trace Analysis. The findings 
are also significant in regard to future research, investigating the role of prototypes 
in design collaboration.
8.2.2 P r o t o t y p i n g  media and design collaboration
The research reported in this thesis indicates that there is strong evidence to suggest 
that, when building prototypes, differences in the artefact's prototyping material 
result in variances in the quality of verbal and non-verbal interaction occurring 
on and around them. Thus, this thesis also contributes to the existing knowledge 
by bridging the gap of knowledge at the intersection between prototypes and co­
located design collaboration. Despite their importance in today's collaborative 
design processes, particularly the interrelations between the artefacts used, their 
prototyping material, and the verbal and non-verbal interactions they enable, they 
still represent an under-researched area. This thesis provides important insights 
into how different prototyping media inform such collaborative design processes.
Particularly when comparing two - dimensional and three - dimensional prototyping 
media, the quality of those interactions and, more generally, the collaborative 
design activity, differed. Sketching, as a two-dimensional prototyping medium, 
resulted in more separated, individualistic types of activity, with the designers often 
splitting up their work and mostly remaining within their personal spaces. When 
using three-dimensional prototyping media, the participants used the shared, 
interpersonal space between them significantly more intensively, and showed 
more connected types of collaborative design activity. According to the research 
conducted in this thesis, the quality of the verbal and non-verbal interaction 
showed a tendency towards being connected, emergent, specific, and focused 
when using a structured three-dimensional prototyping medium. This was the 
case, too, when using an unstructured prototyping medium, although its focus 
differed in its subject, emphasising the aesthetic properties of the artefact instead
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of its functional features. In contrast, when using the two-dimensional medium 
of sketching -  and, to a certain degree, the semi-structured prototyping material 
-  the quality of interactions was m uch more separated and prescriptive, but less 
specific and focused. Overall, these results of the thesis offers design practice 
valuable insight into how collaborative design activities can be planned, managed, 
informed and supported using specific prototyping media in order to achieve 
improved processes.
8.2.3 Main conclusions
The main conclusions of this thesis are as follows:
(1) Integrated analysis o f collaborative design processes: The research reported in 
this thesis provides evidence to support the validity and reliability of the proposed, 
new research method Proxemic Motion Trace Analysis PMTA to investigate 
collaborative design processes. The new method offers an integrated perspective 
of collaborative design activities and allows researchers to analyse them  in a 
combined and cross-linked way.
(2) Prototyping materials and social dynamics: The results from 23 experiments 
reported in this thesis indicate strong evidence to suggest that the kind of 
prototyping media used informed qualitative aspects of the social interaction. 
As one qualitative dimension of artefact-facilitated design conversations, the 
connectedness of collaborative design activities was investigated in more detail. The 
data obtained and analysed can be interpreted as to reflect a difference in the way 
three - dimensional prototyping media and the two - dimensional control condition, 
sketching, facilitated connected design activity. Three-dimensional prototyping 
media were found to stimulate a higher degree of connectedness than sketching. 
In addition, the analysis of 99 individual design tasks showed repeating patterns 
in the proxemic behaviour facilitated by the three-dimensional prototyping media 
provided and the control condition sketching. Three-dimensional prototyping 
media were found tending to support a higher intensity of motional activity
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overall as well as a more intensive use of the shared, interpersonal space between 
the participants. These findings indicate new insight into the role different kinds 
of prototyping media might possess in regard to proxemic behaviour understood 
as a kind of embodied language in the use of space and an important factor in 
governing the social dynamics of interaction in collaborative design processes.
(3) Prototyping materials and co-construction of knowledge: The data analysed 
in this research produced evidence to suggest that different kinds of prototyping 
media inform the co-construction of knowledge in collaborative design processes 
in distinguishable ways. Particularly the immediacy of use (i.e. the ease of use 
with which materials can be used for designing) and tentativeness (i.e. the degree 
to which a material communicates the temporality or provisionality of a design) 
are suggested to inform joint knowledge transformation. Non-structured and 
structured materials with a high degree of immediacy and tentativeness (clay and 
Lego) were found to show an inclination to facilitate the emergence of mutually 
shared knowledge about design solutions from the collaboration itself more, than 
the semi-structured material (cardboard) and the control condition sketching.
8.3 Scope and limitations of the research
The thesis's goal is to shed light on the interrelations between prototyping and 
design discussions in order to better understand collaborative design processes. 
The research tries to tie in different perspectives of investigating design activities, 
aiming at a more comprehensive view of what happens when people design. It 
particularly focuses on the role different kinds of prototypes and prototyping 
materials play in design discussions.
The research presented here has provided insight into the role of prototyping in 
design collaboration and developed a methodology to investigate their interrelation. 
The research has been conducted with diligence, good faith and scientific scrutiny. 
However, it is necessary to point out the limitations of this thesis.
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Materials and design phase
Limited by the time frame of a PhD programme, the thesis cannot offer a concluding 
inquiry into the subject or a comprehensive comparison of all prototyping methods 
and materials currently used. Its controlled experiments focused mostly on the 
ideation and early design phase. Thus, the thesis cannot infer m uch about latter 
phases of the design process, although observations made in the practice studies, 
especially in regard to the role of proof-of-production prototypes, suggest that the 
results might be of relevance in latter stages as well.
Applicability outside the design discipline
Due to the limited time available, the investigation also limits itself to the observation 
of design activities performed by designers. The main focus is on obtaining and 
analysing in-depth data from the observations made in design practice and the 
series of controlled experiments conducted at Central Saint Martins College. A look 
into how prototypes and discussion -  and, in a more general sense, designerly 
ways of thinking -  are employed in domains not related to the design discipline 
would certainly be of interest. This research, however, tried to gain new insights 
within the realm of design, which eventually might find their way into other 
fields of expertise. Since the controlled experiments could investigate the role of 
prototypes in verbal and non-verbal interactions only amongst student designers 
in more detail, further research might reveal how expert designers with a higher 
level of expertise use verbal and non-verbal behaviour with prototypes.
Accuracy of motional activity recording
Another limitation of this research is the mode of recording the motional activity. 
The activity had to be recorded manually, using publicly available software. Recent 
work is starting to develop an automated method to record the motional activity 
of collaborating designers. At the time of this publication, the technology is not 
ready yet to generate the motion traces according the rules defined in the PMTA. 
It seems, however, that it is not far from being able to do so. This would m ean 
not only a more efficient process of analysing the video-recorded design activity, 
but also a more precise method of visual analysis. The manual mode of recording
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the individual motion traces, used in this thesis, only allows for a certain degree 
of accuracy and thus interpretability. Using a more precise and accurate mode of 
recording and visualising the design activity would allow for an even more detailed 
analysis of the PMTAs.
Reliability of coding b coding mles
There are limitations in regard to the reliability of the coding too. The data in this 
thesis has been coded by only one researcher. If resources permitted, at least two 
researchers would have analysed the data and their inter-coder reliability would 
have been tested. Such an approach is recommended for further investigations 
using PMTA.
In its present form, PMTA only offers vague coding rules for the proposed measures 
of connectedness, relying to a large extent on intuitive coding of the data. For 
example, when assessing the degree of symmetry represented in the participants' 
motion traces, the coefficients ranging from 1 to 3 -  and 3 to 9 for the total 
scores respectively -  are assigned to a certain degree based upon the subjective 
perception of the researcher. A coefficient of 1 would indicate a visibly low degree 
of symmetry of the motion traces, while a coefficient of 3 is given to images 
showing a high degree of symmetry. Only in their pronounced manifestations, 
the different patterns become clearly distinctive. When assigning the coefficient 
of 2, the interpretation of the images analysed are much less objective. The main 
aim of this thesis was to develop a method to investigate design processes in an 
integrative way. The measurements used to identify the degree of connectedness 
of the design activities occurring, are proposed as an example of how the data 
provided by PMTA could be analysed in more depth. As such, the coding of the 
individual categories of connectedness suggested in this thesis, does not represent 
an elaborate method of analysis in itself, but requires more refinement for potential 
use in further research.
Combined measurement of connectedness
The categories used for the combined measurement of connectedness were derived 
from m uch referred work done by Dillenbourg (1999). In particular, the symmetry
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of interactions, the negotiability and synchronicity of communication as well as 
the influence of cognitive processes have been chosen to serve as measurements 
of connectedness in collaborative processes. In their combined view, these aspects 
of collaboration allow to identify to what degree the participants contributed in 
equal measures to the process, provided their ideas uninhibited to the design 
solution and have connected to and developed on each others thoughts. In their 
sum the combination of measures gives an account of how symmetric, shared and 
intertwined the collaborative design activities observed were.
However, this combination of categories was only proposed to represent one 
possible way of using data from PMTA to measure a distinct quality of collaborative 
design processes. This thesis argues for the validity of this approach, but it does 
come with its limitations:
(1) The symmetry of interactions has been measured by analysing the individual 
participant's intensity and location of motional activity. Observing their proxemic 
behaviour the analysis inferred whether or not both participants were working 
within their personal spaces or the shared space between them  and whether 
they engaged bodily, for example by using gestures, in equal measures in the 
conversations. While this behaviour was found to be relatively consistent in the 
experiments conducted in this research, it can be subject to potentially distorting 
influences, such as injuries or handicaps, individual temper or the experimental 
set-up itself. Such influences have not been measured in this research.
(2) The negotiability and synchronicity of the communication was measured by 
recording the number, time and location of the verbalised design moves. This 
allowed to identify how m uch each of the participants were contributing in each 
segment of the design process. While this measurement provided a way to analyse 
to what degree both of the participants shared their ideas or were inhibited to do 
so, it did not measure factors that could influence their occurrence as well. Such 
influences could be that, caused by a perceived difference in personal status, a 
participant would choose only to contribute design moves conforming with the 
other participant's view, and thus not bringing in his or her own thoughts into the
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collaboration. Such an influences have not been measured in this thesis. However, 
an in-depth analysis of the verbal expressions in each segment of the experiments 
could reveal such factors.
(3) The mutual influence of cognitive influence was measured by identifying to what 
degree the individual design moves have been linked to each other using adapted 
linkography. This indicator allowed to analyse to what degree the design moves 
and ideas of each participant were taken up by each other and developed further. 
However, in this research only the linkage was analysed and not the particular way 
the link was accomplished. It could be, for example, that one participant would 
take up the other's idea only ostensibly to promote his or her own concept. A more 
focused analysis of the conversations could identify such an interaction.
Handedness
It has been argued above that personal traits of the participants not measured in 
this research, like mood, motivation and physical limitations, can influence the 
data obtained by PMTA. In the sketching condition in particular, a potentially 
important factor could be the handedness of the participants. In the experiments all 
participants were seated either on the left or right side of the working mat in front 
of the material boxes. This was done without formally assessing the handedness of 
the participants. However, judging from analysing the experiments' video footage, 
i.e. the use of pens and tools by the participants, out of 46 participants 7 seemed to 
be left-handed and 39 right-handed.
The paper provided for the sketching was a standard A4 non-lined writing pad. It is 
a distinct possibility that the handedness of the individual participants could have 
an impact in accessing the relatively small pad from either the left or right side. For 
example, it might be that a left-handed participant would feel more reluctant to use 
the pad when seated on the left side of the working mat than when seated to right, 
as it could seem a more space occupying gesture when using the hand further away 
from the paper. Such a behaviour could be considered as an intimidating act or an 
indicator of taking over the control, and as such be avoided by the participants.
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The A4 format of the paper provided might be another limiting aspect in this 
regard. As is represents a relatively small area for collaborative work, the results of 
this research may be an artefact of the experiment. An intriguing question would 
be whether or not the data would be different when using, for example, a A3 or A2 
sheet of paper. It could be argued that a larger format would invite collaboration 
on the artefact itself more than when providing the small format. However, A4 
represents a standard format to which all participants are used to. Even more so, 
as they all were design students who sketch regularly, probably every day, and use 
sketches to communicate and discuss their ideas with tutors and other students. 
Therefore, it would seem that the format would have less of an impact on those 
particular participants than on people with a background less used to sketching.
Location of resource boxes
The materials or resource boxes have been placed in front of the participants in 
order to provide an overview of the different materials, to give easy access to each 
of the boxes and to be able to video-record their use. Due to the dimensions of 
the boxes, they had to be set in a row next to each other. This implied, on the 
one hand, that individual boxes could somewhat communicate a sequential order, 
and on the other hand, that some boxes were closer and others farther away from 
the individual participants. In the experiments, such an implied sequential order 
could in some cases be observed. In particular when beginning with the skill- 
building tasks, the participants would confer with each other where to start. In 
some instances the western reading direction from left to right seemed to inform 
the participants' starting point. Therefore, the research chose not to analyse the 
order in which the materials were used. The distances of the individual boxes 
had a more direct impact on their use. When using Lego, this observation was 
most pronounced. Due to the small dimensions of the Lego elements, this box 
was used the most by far. Searching and grabbing individual pieces generated a 
high intensity of motional activity to and from the Lego box. In most cases, the 
participant closer to this specific box would use it more than the other participant, 
as it was placed on the edges of the row of boxes. This limitation of the data was 
considered in the analysis.
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8.4 Implications
The implications of the research conducted in the course of this PhD thesis may 
be located in different areas of expertise. Most notably, they contribute to the fields 
of design research, design practice and design education. However, the thesis's 
findings can also have implications for other domains where designerly ways of 
thinking are applied in solving problems, such as innovation management.
Implications for design research, design practice & design education 
The primary fields where this thesis's implications seem relevant are certainly to be 
found in design research and design practice. The scientific interest in designerly 
ways of knowing, which originates in the design methods movement of the 
1960s (Cross, 2001), particularly forms the context of this thesis. In recent years, 
the discourse on this topic has expanded well beyond the field of design research, 
leading to a diluted concept of design thinking (Cross, 2010). This development has 
not been without critique amongst design researchers (Cross, 2010; Nussbaum, 
2011; Hassi b Laasko, 2011; Carlgren, 2013). Thus, they have been called to reclaim 
"design thinking as a fundamental aspect of the discipline of design" (Cross, 2010, 
p. 99). Such a definition of designerly ways of thinking depends largely on the 
understanding of the different kinds of activities observable in design processes. 
This thesis has argued that two prominent perspectives investigate the subject from 
a prototyping-centred and a social-activity-focused vantage point. In regard to 
the interrelations between these two aspects of designing, the research conducted 
has implications within this field of interest, as it allows one to paint a more 
comprehensive picture of what happens when designers collaborate. It provides 
a new methodology to jointly investigate prototyping and social activities. This 
inspires new inquiries, and poses new questions about the designerly thought - 
processes underlying these processes.
The role of sketching in social activities and collaborative design processes has been 
looked at in the past (Goldschmidt, 1991; van der Lugt, 2005; Ariff et al., 2010). Such 
studies have mostly focused on the relations between sketching and verbalisation. 
This thesis has looked beyond that and shown that different prototyping media
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influence the social activity, and use of space, as well as verbal and non-verbal 
interaction. Collaborative design activities have been extensively studied. The 
method developed in the course of this thesis, however, provides a new perspective 
on proxemic behaviour and non-verbal interaction, allowing design researchers to 
gain a more holistic understanding of the design process that does not have to rely 
on analysing verbalisation exclusively.
In the field of participative design, these findings also seem relevant. When 
collaborating with different stakeholders, the role of the artefacts used in the 
sense of boundary objects becomes a crucial factor in conducting successful 
collaborative design processes. This thesis focused on the collaboration between 
designers, although the observations made in the pilot studies, where participants 
from various disciplines (such as psychology, management, journalism and 
architecture) collaborated, suggest that the findings apply in such contexts, too.
Representing first steps to close gap in the existing knowledge regarding the 
interrelations between prototypes and collaborative design processes, these 
findings may also have implications for design practice. Intuitively, designers seem 
to be mindful about the importance and application of prototypes in their everyday 
practice. This research, for example, has shown that they choose carefully which 
type of prototype to discuss with clients in what phase of the process. The findings 
reported in this thesis might help designers to better understand how the artefacts 
they use -  when presenting or collaboratively working on them -  inform the kind 
of interaction and design activities taking place when doing so.
In design education, this thesis's findings might help design educators to better 
convey the various roles prototypes, and the materials used in their production, 
play in design processes. They could, for example, consciously set specific tasks 
with different prototyping media in a studio setting, in order to let the students 
experience the influence of the prototyping materials on their design activities. 
Furthermore, such tasks given to groups of design students, or even mixed groups 
with students of other disciplines, could provide new learning opportunities of 
how prototypes and prototyping materials foster or inhibit collaboration.
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Implications for innovation management
In the past years, design thinking has become a prominent methodology outside 
the traditional design world. Particularly when developing radical innovations, it 
has been heralded by many as a preferred means to that end. By refocusing on 
designerly ways of solving problems specific to designers, this thesis has gained 
new insights, which might be transferred again into the management discourse 
on design thinking.
The ability to develop innovations successfully is largely acknowledged as a major 
competitive characteristic of businesses today (Tushman b O'Reilly, 1996; O'Connor, 
2008; Crossan & Apaydin, 2010; Govindarajan & Trimble, 2010). The origin of 
innovation research can be traced back to the early 1900s, when Joseph Schumpeter 
first published 'The Theory of Economic Development' (1934). Like Schumpeter, 
many distinguish between inventions, which represent the first occurrence of an 
idea and innovations, which are seen as the widespread distribution of an idea, 
goods or service (Mascitelli, 2000; Fagerberg, 2005; Tidd et al, 2005; Le Masson et 
al., 2006; Cruickshank, 2010; Carlgren, 2013). Another way to grasp innovation is to 
differentiate between degrees of novelty, i.e. between incremental innovation and 
radical innovation (Robertson, 1967; Tushman & Romanelli, 1985; Lynn et al., 1996; 
Cole, 2002; Steiber and Alange, 2013; Norman b Verganti, 2014). Experts argue for 
the increasing importance of the latter (Tushman & Nadler, 1986; Christensen, 1997; 
McDermott and O'Connor, 2002; VonHippel, 2005; Utterbacketal., 2006; Suri, 2008). 
However, in developing radical innovations managers face higher risks, since there 
is no proven way of development (Von Hippel et al., 1999; O'Connor, 2008; Suri, 
2008; Wylant, 2008). Thus, most organisations have organised their development 
processes since the late 1980s using stage-gate systems (Cooper, 1988) in order to 
ensure efficient product development by reducing uncertainties (Wheelwright and 
Clark, 1992). Developing radical innovation, however, requires different processes, 
methods, and capabilities than pursuing incremental innovation (McDermott and 
O'Connor, 2002).
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Within the managem ent discourse the search for such new approaches has 
led in the past decade to an emerging interest in the design discipline (Gemser 
b Leenders, 2001; Bruce &■ Bessant, 2002; Verganti, 2011; Filipetti, 2011; Verganti 
and Oberg, 2013; Norman & Verganti, 2014). The reasons given as to why design 
is considered to possess the potential to contribute to innovation m anagem ent 
are diverse. Some argue that it uses a different kind of logic, dealing with complex 
and ambiguous matters (Bruce & Bessant, 2002; Borja de Mozota, 2006). Others 
hold that it employs a hum an-centred perspective and applies a wider approach to 
solving problems (von Stamm, 2004; Brown, 2009; Hobday et al. 2012; Cruickshank 
& Evans, 2012). It is commonly agreed that the development of radical innovation 
is characterised by a high degree of uncertainty (Mascitelli, 2000; Rice et al., 2001; 
McDermott b O'Connor, 2002). Such vaguely defined situations have also been 
coined as 'wicked problems' (Buchanan, 1992; Rittel b Webber, 1973), which design 
thinking is argued to be well suited to solve (Cross, 2006). As a consequence, 
designerly ways of solving problems have been proposed as a preferred approach 
to developing radical or breakthrough innovation (Mascitelli, 2000; von Stamm, 
2004; Utterback et al., 2006; Dunne & Martin, 2006; Brown, 2009; Filippetti, 2011).
This thesis's findings seem to have implications for improving design thinking 
practice in management and interdisciplinary innovation projects. By deliberate­
ly defining what prototyping medium to use in which phase or to meet which 
challenge, such collaborative design processes can be made more successful. As 
shown in the observations in design practice, professional designers often are con­
templating such issues already. This is much less the case in the m anagem ent-re­
lated design thinking practice. In contrast to designers, managers are not trained in 
bringing new ideas on an empty sheet of paper. Thus, externalising their thoughts 
in a non-verbal way is a much harder task for them. Transforming mental models 
and concepts into a physical form, however, makes them m uch more negotiable, 
and fosters the sense of shared ownership. Using Lego or similarly structured pro­
totyping media, for example, design processes in a m anagem ent context could 
make ideas more tangible and make much more use of the emergence of concepts
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through collaboration, instead of just discussing the ideas put forward in a ver­
bal brainstorming session. In addition, the choice of prototyping media could fo­
cus discussions, for example on the functionalities of a solution when using Lego. 
Switching between different prototyping media, different types of design activities 
could be evoked, for example by using individual sketching tasks in between phas­
es of collaborative work on three-dimensional prototypes, to allow for individual 
reflection on the group's design solution.
8.5 Future research
This thesis leaves ample opportunity for future research. The further the 
investigation led, the more questions and possibilities emerged. There is still a long 
way to go in order to gain a coherent body of research on the relations between 
artefacts and collaboration. This thesis is merely able to contribute a small rock to 
the mountain of work that is still needed. However, a few immediate paths to follow 
up this specific research may be outlined:
1) Applying the methodology to investigate collaborative design activities of 
experienced or expert designers. The research done in the controlled experiments 
using the PMTA only focused on senior design students. Even amongst student 
designers Cross, Christiaans and Dorst (1992), as well as Atman, Chimka, Bursic 
and Nachtmann (1999), observed differences between junior and senior students. 
According to their research, junior design students often lost themselves and got 
stuck in gathering all available information, while the more senior students filtered 
out information and immediately processed the data. Expertise seems to play an 
important role in the way designers solve problems. Cross and Clayburn Cross 
(1998), for example, argue that experienced designers deliberately treat a problem 
as ill-defined and thus as a harder problem to solve, as novice designers do. 
Expertise in any field of profession seems only to be attained after around 15'000 
hours or 10 years of deliberate practice and hard work (Ericsson, Krampe b Tesch-
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Romer, 1993). Within the field of design practice, differences in the approach of 
novice and expert designers can be observed. Kavakli and Gero (2002), for example, 
observed that an expert architect showed twice the amount of design moves and 
simultaneous cognitive actions to a novice architect. Such observations raise the 
question as to if and how these differences exert an influence on collaborative 
design activities. Conducting an investigation into this issue and comparing the 
results to the research using student designers described in this thesis, could yield 
important findings on how expertise influences design collaboration.
2) Developing the methodology to enable the application of different kinds of 
measurements. In this thesis, a possible measurement of the connectedness of 
collaborative design activity has been proposed to show how the PMTA can be 
of use when trying to measure design processes. The exemplary measurement, 
however, used only three different types of data derived from the methodology 
(intensity and location of motion traces, ratio of contributed design moves, and 
linkage of design moves). The PMTA provides a multitude of different kinds of data 
that can be retrieved. The measurement of connectedness used in this thesis was 
able to reveal insights into the differences between design processes using three- 
dimensional prototyping media and sketching as the control condition. Different 
measurements, building on the PMTA, could help to gain a more comprehensive 
understanding of collaborative design activities.
3) Investigating whether the outcomes of design processes using three-dimensional 
or two-dimensional prototyping media differ in their qualities. This thesis deliberately 
left out any aesthetic or functional evaluation of the artefacts from the individual 
experiments. It focused its interest on the way the participants collaborated when 
using different prototyping media. However, the differences observed in the ways 
the three prototyping materials and the control condition, sketching, seemed to 
influence the collaborative design process, beg the question whether they also 
show in the outcomes of these activities. Are the artefacts produced w hen using 
three-dimensional prototyping media more or less creative or radical? Are they 
more or less aesthetically appealing? Are they more or less sophisticated? Such
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questions were avoided in this thesis, but seem to be of interest when evaluating 
the value of individual materials in the different phases of the design process.
4) Investigate collaborative design activity with functional magnetic resonance 
imaging (fMRI). Observations made in this research suggest that some form of 
thinking not amenable to verbalisation has taken place in individual instances. 
Earlier work, such as that by Lloyd et al. (1994), already found a decrease in the 
verbal rate taking place during the design process, when investigating concurrent 
verbalisation while solving a given design task. They concluded that different modes 
of thought are being incorporated in design activities. Research in other fields has 
suggested that even a distinction between novice and expert designers could be 
discerned. Amidzic et al. (2001), for example, observed that amateur and expert 
chess players were using different parts of their brains. The approach of using fMRI 
to investigate design cognition has been used earlier (Alexiou, Zamenopoulos b 
Johnson, 2009; Gilbert, Gonen-Yaacovi, Benoit, Voile b Burgess, 2010). Applying it 
in conjunction with PMTA could corroborate or refute whether indeed designers 
use some mode of thought not amenable to verbalisation, and where it could be 
localised as brain activity.
5) Develop an automatic recording and analysis programme based upon the PMTA. 
The PMTA visualisations generated in this thesis have been traced manually using 
the software programme IOGraph. This application allows one to trace the move­
ments of a cursor on the computer screen. Apart from being very laborious to pro­
duce, this method of tracing the participants motions causes some variances in 
the resulting visualisations. The predefined rules of tracing the hand movements 
aim at gaining more or less congruent visualisations. However, recent research of 
Toivanen, Huotilainen, Chi and Seitamaa-Hakkarainen (2014) developing an auto­
matic analysis method of the co-design process puts a more automated method 
of devising PMTA visualisations within reach, as by now it is not clear with what 
granularity motion can be captured, whether or not individual rules for automated 
tracing can be predefined in the application and what kind of output can be gen­
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erated. But it appears that the technological conditions may soon allow for a ful­
ly automated generation of PMTA visualisations with more accuracy, congruency 
and quantity.
8.6 Summary b  closing note
This thesis aimed to provide a better understanding of how different types of 
prototypes effect collaborative design processes, and particularly the 'quality' of 
the verbal and non-verbal interaction. It has observed design practice in different 
design studios and looked at observable design practices in controlled experiments. 
In doing so, it has offered insight into the important role prototypes play in 
collaborative design processes, particularly in design discussions, and how the 
materials used in their production contribute to the quality of interaction between 
designers. By adopting an experimental, design-specific methodological approach 
and developing a new method -  the Proxemic Motion Trace Analysis PMTA -  to 
analyse design processes in an integrated way, it has been able to offer valuable 
contributions to design research, design practice, and beyond.
The research documented in this publication touched a few important fields of 
interest. At the end of this thesis, however, the role prototyping plays in collaborative 
design activities, especially in verbal and non-verbal communication, is far from 
being conclusively investigated. Quite on the contrary, it has spawned a multitude 
of new questions and interests. In the end, the hope remains, that these questions 
will have raised the interest and scientific curiosity not only of the author, but of 
others as well.
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every  day
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Project Information Sheet
«Prototyping in Collaborative Design Processes»
We  like to  invite you to  take  p a rt in our research . In o rder for you to  g e t a c lea re r p icture of w hat th e  p ro ject is abou t 
and  w h at you would have to  expect from your p a r t ic ip a tio n ,y o u  w ill find som e m ore deta ils  ab o u t th e  research  in 
th is  inform ation sheet.
W hat is th e  p ro ject abou t?
The study investigates how  p ro to types and d iffe ren t kinds of proto typing  correlate  w ith co llaborative design  p roces­
ses, specifically th e  quality  of d iscussion .T he research  co llects and analyses conversations and  pro to typing  in a con­
tro lled  experim en ta l setup . In doing so, it aim s a t gaining a deeper understand ing  of how p ro to types in terac t w ith 
d iffe ren t qualities  of discussion. In th e  end , th e  research  should  be ab le  to  give an  answ er to  th e  question : «How do 
d iffe ren t types of proto typing  con tribu te  to  collaborative design  processes, particu larly  th e  .quality of discussion?» 
This is im portan t because in order to  tack le  com plex problem s, d esigners need to  co llaborate  and th u s  d iscuss d e ­
sign so lu tions, and th e  role pro to types and pro to typing  play in inform ing such discussions and  co llaborations still 
rep resen ts  an under-researched  area .
Why am  I invited?
In o rder to  conduct th is  research , w e invite second-year BA and first-year MA stu d en ts  from Central S ain t M artins 
College to  participate. Participation is en tirely  voluntary.
W hat w ould I have to  do?
The data  for th is  research w ill be collected  in a series of 25 contro lled  experim ents, w hich w ill take  th e  form of 
individual one-hour w orkshops. As a participan t, you w ould take part in one w orkshop w here you w ould be paired 
w ith ano ther volun teer and asked to  find a so lu tion  for a predefined design task. The main d ifferentia tion  regarding 
prototyping techn iques is focused on sketching and 3D proto typing .T hus,you w ould be asked to  work ou t your so lu ­
tion  e ither using sketching, 3D prototyping or w ithou t any ex ternal, v isual represen tation . In add ition ,you  w ould be 
asked to  fill ou t a sh o rt questionnaire  after com pleting th e  design task, s tating  w he the r you knew your collaborator 
before, if you w ere fam iliar w ith th e  pro to typing  techn iques used, and how long you have studied  design already. The 
w orkshops w ill take place a t C entral Saint M artins p rem ises ,so  no add itional travelling w ill be required.
W hat happens to  th e  da ta  and  th e  resu lts  of th e  study?
The individual w orkshops w ill be video and audio recorded. F ieldnotes and photographs m ight also  be taken  w hile 
th e  partic ipan ts  work ou t th e ir  design solution. Additional inform ation is being collected by th e  brief questionnaire. 
All of th e se  data w ill only be used for research  purposes and publications. No o the r application  of th e  data w ill be 
allow ed. The anonym ity of th e  partic ipan ts  w ill be p ro tected  by changing th e  nam es and by storing  th e  data  linked to  
th e  rea l nam es separately. The data  itse lf w ill be stored  on a designa ted  and passw ord-secured hard disk. The parti­
cipan ts w ill be asked to  sign a form of consen t for th e  use of th e  recorded m aterial.
W hat is in it for me?
As a sm all com pensation .you w ill receive £ 15.-for taking p a rt in th e  research. In addition , you w ill receive th e  results 
of the  project, in th e  form of any publications resulting  from th e  study.
W hat if I invent som ething  im p o rtan t during a w orkshop?
It is possible th a t you invent som eth ing  you m ight w an t to  realise as a personal pro ject la ter on. Therefore, a ll in­
te lle c tu a l property  rights on th e  ideas and concepts produced during th e  individual w orkshops w ill rem ain w ith th e  
participants.
W ho is conducting th e  research?
The research is being conducted  as a coopera tion  betw een  Central Saint Martin's College and The Open University. 
The study's prim ary investigator is A ndreas Peter. He may be con tacted  regarding any questions w ith th e  project 
under: a .peter@ csm .arts.ac.uk
If a t any poin t questions arise abo u t th e  conduct of the  study, th e  following supervisors may also  be contacted:
Prof. P ete r Lloyd, P rofessor of Design S tudies,T he Open University: p.lloyd@ open.ac.uk
Prof. J an e t M cD onnell,Associate Dean of Research, Central Saint M artins: j.m cdonnell@ csm .arts.ac.uk
central ! a  .£
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Appendix D -  design brief
Design Brief
«Prototyping in Collaborative Design Processes»
Company Profile
E ssetis is an international electron ics m anufacturer 
sp ecia lisin g  in surprising, s im p le -to -u se  and sty listic  
products for everyday life. To foster its  market posi-
Customer Insight
Recent cu stom er research has indicated  th a t p eop le  
increasingly  seek  connectiv ity  w ith  friends and loved  
on es. However, m odern day p rofession al life increa­
sin g ly  forces p eo p le  to  m ove aw ay from c lo se  friends
Design Task
Essetis is looking for som e good  con cepts  w ith  w hich  
to  d evelop  a d ev ice to  m e et th is  em erging market. 
Your task  is to  d evelop  a con cept that a llo w s p eo p ­
le  to  con n ect w ith  each  other over a d istance -  w it­
hin a city, w ithin a country, or g loba lly  -  in a sim ple
Workshop
a /  Fam iliarize you rself w ith  th e  d ifferen t m aterials 
available by constructing a cu b e w ith  each  of  
them . You have 5 m inutes for each  cube. Accom ­
plish th is task  together.
Specifications & Constraints
U se only th e  m aterials provided to  d evelop  a proto­
typ e o f  your concept. U se th e  m aterials in any w ay  
you like.
tion , it aim s to  provide unique offerings by m erging  
products and serv ices into n ew  and u nconventional 
d esign  so lution s.
and relatives. Modern te ch n o lo g ies  m ay h elp  to  bring 
th e se  p eop le  c lo ser  to g e th er  again  in their everyday  
lifes  through transm itting big and sm all g estu res  of 
care.
and unique w ay in their everyday lives, by conveying  
sm all g estures o f  caring, loving, or support.T h ink  of 
n ew  w ays and form s o f  com m unicating w ith ou t co ­
pying ex istin g  so lu tio n s such as m ob ile phones, fa- 
cebook , etc.
b /  Using th e  m aterials available to  you  d evelop  a 
con cept together, in th e  form o f o n e  or m ore pro­
to types, th at m eets th e  requirem ents o f  th e  d esign  
task  above. You have up to  an  hour to  do this.
D evelop  your ideas ind ependently  o f  w h at you think  
is currently p ossib le  tech n o lo g ica lly  or financially.
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Appendix E -  visual archive of 
artefacts produced in experiments
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Experiment 1
Skill building tasks
Main design task
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Experiment 2
Skill building tasks
Main design task
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Experiment 3
Skill building tasks
Main design task
A p p e n d i c e s  292
Experiment 4
Skill building tasks
Main design task
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Experiment 5
Skill building tasks
Main design task
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Experiment 6
Skill building tasks
Main design task
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Experiment 7
Skill building tasks
Main design task
A p p e n d i c e s 296
Experiment 8
Skill building tasks
Main design task
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Experiment 9
Skill building tasks
Main design task
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Experiment 10
Skill building tasks
Main design task
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Experiment 11
Skill building tasks
Main design task
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Experiment 12
Skill building tasks
Main design task
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Experiment 13
Skill building tasks
Main design task
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Experiment 14
Skill building tasks
Main design task
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Experiment 15
Skill building tasks
Main design task
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Experiment 16
Skill building tasks
Main design task
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Experiment 17
Skill building tasks
Main design task
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Experiment 18
Skill building tasks
Main design task
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Experiment 19
Skill building tasks
Main design task
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Experiment 20
Skill building tasks
Main design task
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Experiment 21
Skill building tasks
Main design task
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Experiment 22
Skill building tasks
Main design task
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Experiment 23
Skill building tasks
Main design task
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Appendix F -  field observations 
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machines
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storage space
T h e  o f f i c e  s p a c e  is b e i n g  s e p e r a t e d  in f o u r  t o  f i v e  d i f f e r e n t  a r e a s :  t h e  fo yer ,  t h e  a c t u a l  o f f i c e  r o o m ,  a c o n f e r e n c e  r o o m ,  a n d  w o r k s h i p  
w i t h  a n  i n t e g r a t e d  k i t c h e n .  T h e  f o y e r  i t s e l f  is b e i n g  s h a r e d  w i t h  t w o  o t h e r  b u s i n e s s e s .  T h r e e  d i f f e r e n t  c o m p u t e r  w o r k s t a t i o n s  a r e  
s t a n d i n g  in t h e  o f f i c e  a s  w e l l  a s  a l a r g e  b o o k  sh e l f .  T h r o u g h  t h e  o f f i c e  t h e  c o n f e r e n c e  r o o m  is a c c e s s i b l e .  A  c o n f e r e n c e  t a b l e  a n d  
s o m e  s h e l f  s p a c e  a r e  s t a n d i n g  in t h i s  r o o m .  N e x t  t o  t h e  c o n f e r e n c e  r o o m  a l a r g e  w o r k s h o p  w i t h  a  f e w  k i t c h e n  a p p l i a n c e s  a l o n g  o n e  
s i d e  o f  t h e  r o o m  is l o c a t e d .
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T h e  w o r k s h o p  i t s e l f  is r o o m e d  w i t h  a  l a r g e  s t a n d - u p  t a b l e  ( p i c t u r e  1),  a l o t  o f  s t o r a g e  s p a c e  f r o m  f l o o r  t o  c e i l i n g  ( 2 )  a s  w e l l  a s  -  s e ­
p a r a t e d  b y  a  w a l l  -  m e t a l -  a n d  w o o d - w o r k  m a c h i n e s  in t h e  b a c k  o f  t h e  w o r k s h o p .  T h e  l o c a t i o n s ,  e s p e c i a l l y  t h e  o f f i c e  r o o m s ,  a p p e a r  
b r i g h t  a n d  c l e a n .  T h e  w o r k s h o p  a l i t t le  l e s s  s o .  S o m e  m o d e l s  o f  c u r r e n t  o r  p a s t  w o r k s  a r e  b e i n g  d i s p l a y e d  o n  t h e  s h e l v e s  ( 5 ) .  T h e  
r o o m s  a t m o s p h e r e  is r a t h e r  d o w n - t o - e a r t h  a n d  s o b e r .  S e v e r a l  p r o t o t y p e s  a r e  s t a n d i n g  in t h e  w o r k s h o p  ( 6 ) .  W h i l e  in t h e  o f f i c e  r o o m s  
a s e r e n e  a t m o s p h e r e  p r ev a i l s ,  t h e  w o r k s h o p  d o e s  m a k e  t h e  i m p r e s s i o n  o f  a h a n d s - o n  a n d  c r a f t - o r i e n t e d  w o r k p l a c e .
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R i t u a l s / A c t i o n s
N o t  a lo t  o f  i n f o r m a t i o n  c o u l d  h a v e  b e e n  g a t h e r e d  a t  t h i s  f i r s t  m e e t i n g  a b o u t  r i tu a l s  a n d  a c t i o n s  t h a t  w o u l d  c o n s t i t u t e  t h e  
c o m p a n y ' s  c u l t u r e .  A t  o n e  p o i n t ,  t h e  c o f f e e  m a c h i n e  w a s  b e i n g  l a b e l e d  a s  t h e  „ m o s t  i m p o r t a n t  m a c h i n e  in t h e  s t u d i o " .  This  m i g h t  
l e a d  t o  t h e  a s s u m t i o n  t h a t  a lo t  o f  in f o r m a l  m e e t i n g s  a r e  t a k i n g  p l a c e  o v e r  a c u p  o f  c o f f e e .  P r o t o t y p e s  a n d  s k e t c h i n g  p a p e r  ly in g  o n  
t h e  s t a n d - u p  m e e t i n g  t a b l e  n e x t  t o  t h e  c o f f e e  m a c h i n e  s o m e w h a t  s u p p o r t  t h i s  i n t e r p r e t a t i o n .
S t a n d a r d s / S t y l e s / P r e f e r e n c e s
A s  Karrer w a s  e x p l a i n i n g ,  t h e  s t u d i o s  p r e f e r e n c e  is t o  m o v e  v e r y  e a r l y  t o  p r o t o t y p i n g  a n d  e x p e r i m e n t i n g  w i t h  m a t e r i a l s .  C A D  is 
o n l y  u s e d  v e r y  l a t e  in t h e  d e v e l o p m e n t  p r o c e s s ,  m o s t l y  f o r  r e p r e s e n t a t i o n a l  p u r p o s e s  or  t o  t e s t  a s p e c i f i c  f u n c t i o n a l i t y  o f  t h e  f u t u r e  
p r o d u c t .  R e f e r r i n g  t o  t h e  s t y l i s t i c  p r e f e r e n c e s ,  t h e  w o r k  is a i m i n g  a t  m i n i m a l i s t i c  y e t  e l e g a n t  s o l u t i o n s .
Communication
T a c i t / I n f o r m a l  I n f o r m a t i o n
T h r o u g h  its e a r ly  m o v e  t o  t h e  p r o t o t y p i n g  w i t h  d i f f e r e n t  m a t e r i a l s ,  a l o t  t a c i t  k n o w l e d g e  m a y  e m b o d y  i t s e l f  in t h e  w o r k ,  Karrer  
e x p l a i n s .  H e  f e e l s  a  s t r o n g  n e e d  t o  t o u c h  t h e  i n d i v i d u a l  m a t e r i a l s ,  t o  s h a p e  t h e m  a n d  l e a r n  f r o m  t h e  m a t e r i a l s  r e a c t i o n s .  In t h i s  
p e r s p e c t i v e ,  t a c i t  i n f o r m a t i o n  is b e i n g  r e p r e s e n t e d  in a n d  c o m m u n i c a t e d  t h r o u g t  t h e  p r o t o t y p e  i t se l f .
U s e  o f  p r o t o t y p e s
P r o t o t y p e s  a r e  b e i n g  u s e d  f o r  a v a r i e t y  o f  d i f f e r e n t  p u r p o s e s  b y  t h e  s t u d i o :  t o  s h o w  a s p e c i f i c  f u n c t i o n a l i t y ,  t o  r e p r e s e n t  a s h a p e  
o r  f o r m ,  t o  t e s t  s t a b i l i t y ,  e t c .  T h e  p i c t u r e s  b e l o w  s h o w  a f e w  p r o t o t y p e s  m a d e  f o r  a h a l l s t a n d .  P ic t u r e  1 s h o w s  t h e  e a r l y  p r o t o t y p e s  
m a d e  f o r  t h e  e a r ly  t e s t i n g  o f  t h e  s h a p e s  s t a b i l i t y .  O n c e  a  s o l u t i o n  f o r  t h e  s t a b i l i t y  p r o b l e m  w a s  f o u n d ,  a m o r e  r e f i n e d  m o d e l ,  i n c o r ­
p o r a t i n g  s o l u t i o n s  f o r  o t h e r  p r o b l e m s  s u c h  a s  t h e  j o i n i n g  o f  t h e  e l e m e n t s  ( p i c t u r e  2 ) ,  w a s  b e i n g  m a d e  w i t h  t h e  a c t u a l  m a t e r i a l  t h a t  
w a s  i n t e n d e d  t o  b e  u s e d  in t h e  p r o d u c t i o n  ( p i c t u r e  2 ,  3 ) .
1 2 3
P r o t o t y p e s  a r e  a l s o  b e i n g  u s e d  in t h e  s t u d i o  t o  r e f l e c t  o n  d i f f e r e n t  e f f e c t s  a n d  a p p e a r a n c e s  o f  m a t e r i a l s .  P i c t u r e s  4  a n d  5 s h o w  h o w  
t h e  c h o i c e  o f  f a b r i c  a n d  i ts  c o l o u r  i n f l u e n c e s  t h e  o v e r a l l  a p p e a r a n c e  o f  a  chair ,  f o r  e x a m p l e  b y  p r o d u c i n g  d i f f e r e n t  M o i r e - e f f e c t s .
R e fe r r in g  t o  t h e  d i f f e r e n t  c a t e g o r i z a t i o n s  o f  p r o t o y p e s ,  a c c o r d i n g  t o  Y a n g  a n d  E p s t e i n  ( 2 0 0 5 ) ,  t h e s e  p r o t o t y p e s  w o u l d  m o s t l y  f i t  t h e  
d e s c r i b t i o n s  o f  p r o o f - o f - c o n c e p t  a n d  p r o o f - o f - p r o d u c t  p u r p o s e s  o f  p r o t o t y p e s .  F rom a c a t e g o r i s a t i o n  m o r e  f o c u s e d  o n  d e v e l o p m e n t  
s t a g e s  -  l ike s u g g e s t e d  b y  S o m m e r v i l l e  ( 1 9 9 5 )  in Y a n g  a n d  E p s t e i n  ( 2 0 0 5 )  - ,  t h e  p r o t o t y p e s  r e p r e s e n t e d  in p i c t u r e  1 c o u l d  q u a l i f y  
a s  t h r o w a w a y  p r o t o t y p e s ,  w h i l e  t h e  e x a m p l e s  in p i c t u r e s  4  a n d  5 c o u l d  b e  d e s c r i b e d  a s  e v o l u t i o n a r y .
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R e g a r d i n g  v a n  d e r  L u g ts '  ( 2 0 0 5 )  v a r i a t i o n  o f  F e r g u s o n s  ( 1 9 9 5 )  c a t e g o r i z a t i o n  o f  t h i n k i n g ,  t a l k i n g ,  a n d  p r e s c r i p t i v e  s k e t c h e s  t o  
t h i n k i n g ,  t a l k i n g ,  a n d  s t o r i n g  s k e t c h e s ,  p i c t u r e s  6  t o  11 m i g h t  g i v e  a g o o d  e x a m p l e  o f  s t o r i n g  s k e t c h e s .  A t  t h e  s t u d i o ,  t h i s  b o a r d  w a s  
b e i n g  u s e d  t o  c a t e g o r i s e ,  s t o r e  a n d  m a k e  a v a i l a b l e  f o r  f u r t h e r  u s e  t h e  f i n d i n g s  o f  a r e s e a r c h  r e l a t e d  t o  t h e  d e s i g n  o f  f u t u r e  h e a t i n g  
a p p l i a n c e s .  O n  t h e  b o a r d  a r e  t h e  r e s e a r c h  f i n d i n g s  a s  w e l l  a s  f i r s t  i d e a s ,  w h i c h  e m e r g e d  d u r i n g  t h e  p r o c e s s ,  b e i n g  s t o r e d .
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Conception
P r o b l e m  F ra m in g
In i ts  w o r k ,  t h e  s t u d i o  is c o n s t a n t l y  r e f l e c t i n g  t h e  o b j e c t s / t h e  d e s i g n s  r e l a t i o n s  t o  i n d i v i d u a l  c o n t e x t s .  D u r in g  t h e  c o n v e r s a t i o n ,  
Karrer d r e w  a r o u g h  s k e t c h  t o  i l l u s t r a t e  t h i s  ( p i c t u r e  1 2 ) .  A c c o r d i n g  t o  t h i s  v i e w ,  a n  o b j e c t  m u s t  b e  v i e w e d  in r e l a t i o n  t o  d i f f e r e n t  
s i t u a t i o n s ,  l ike  t h e  i m m e d i a t e  s u r r o u n d i n g s  o f  a s p e c i f i c  r o o m ,  t h e  b u i l d i n g ,  t h e  city,  t h e  s o c i e t y  o r  u s e r  a n d  s o c i e t a l  c h a n g e s  in 
g e n e r a l .
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D u r in g  t h e  p r o b l e m  f r a m i n g  p h a s e ,  u s u a l l y  a l a r g e  q u a n t i t y  o f  s k e t c h e s  a n d  f i rs t  t h r o w a w a y  p r o t o t y p e s  w o u l d  b e  p r o d u c e d .  T h e  
f i n d i n g s  l e a r n e d  f r o m  t h e s e  i n t e r p r e t a t i o n s  a n d  r e - i n t e r p r e t a t i o n s  w o u l d  o c c a s i o n a l l y  b e  r e f l e c t e d  a g a i n  in t h e  d i f f e r e n t  c o n t e x t s .
D e s i g n  P r i n c i p l e s
In g e n e r a l i s t i c  d e f i n i t i o n ,  t h e  s t u d i o  f o l l o w s  d e s i g n  p r i n c i p l e s  d e r i v e d  f r o m  m i n i m a l i s m  a n d  t h e  „ f o r m - f o l l o w s - f u n c t i o n "  c l a i m  
f r o m  t h e  B a u h a u s  s c h o o l .  D u r in g  t h i s  f i r s t  c o n v e r s a t i o n  it w a s  h a rd  t o  d i s c e r n  t h e  m o r e  s p e c i f i c  u n d e r l y i n g  d e s i g n  p r i n c i p l e s .  This  
m i g h t  b e  a c h i e v e d  in a f u t u r e  c a s e  s t u d y  a t  t h e  s t u d i o .
S o l u t i o n s  p r o p o s e d
T h e  s o l u t i o n s  p r o p o s e d  in t w o  i n c i d e n t s  m i g h t  s u p p o r t  Karrers  c l a i m  t o  f o c u s  s t r o n g l y  t h e  m a t e r i a l i t y  o f  p r o d u c t s .  P ic t u r e  1 3  s h o w  
s o m e  o f  t h e  p r o t o t y p e s  m a d e  f o r  a chair ,  w h i c h  I m e n t i o n e d  a b o v e .  T h e s e  m o d e l s  s t u d y  t h e  e f f e c t  o f  in d i v i d u a l  f a b r i c s  o n  t h e  
d e s i g n .
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A d d i t i o n a l l y ,  t h e  s t u d i o  is c u r r e n t l y  w o r k i n g  o n  a p l a s t i c  c h a i r  fo r  a S w e d i s h  f u r n i t u r e  m a n u f a c t u r e r e r .  T h e  d r a w i n g s  s h o w n  in 
p i c t u r e s  1 4  a n d  1 5  r e p r e s e n t  a d e s i g n  w h i c h  t a k e s  i n t o  a c c o u n t  t h e  s p e c i f i c  a d a v a n t a g e s  o f  t h e  m a t e r i a l ,  a l l o w i n g  a s h a p e  t h a t  is 
c h a r a c t e r i s e d  b y  v e r y  s l im  l i n e s  a l o n g  t h e  e d g e s .  T h e  s a m e  d e s i g n  m a d e  in w o o d ,  w o u l d  a c c o r d i n g  t o  Karrer, p r o v e  t o  b e  e x t r e m e l y  
d i f f i c u l t  t o  a c h i e v e .
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Coord ination
T e a m
T h e  t e a m  o f  S t u d i o  B e a t  Karrer c o n s i s t s  o f  a  b i o c h e m i s t ,  a b u s i n e s s  d e v e l o p e r ,  a n  i n d u s t r i a l  d e s i g n e r  a n d  t h e  h e a d  o f  t h e  s t u d i o .  
T h e  b i o c h e m i s t s  r o le  is f o r e m o s t  l o c a t e d  in r e s e a r c h  a n d  d e v e l o p m e n t ,  m o s t l y  o f  n e w  m a t e r i a l s .  T h e  b u s i n e s s  d e v e l o p e r s  f u n c t i o n  
m a i n l y  c o m p r i s e s  t h e  g e n e r a t i o n  o f  f i n a n c i a l  r e s o u r c e s  fo r  i n d i v i d u a l  p r o j e c t s .  T h e  i n d u s t r ia l  d e s i g n e r  a n d  t h e  h e a d  o f  t h e  s t u d i o  
w o r k  o n  t h e  d e s i g n s  t h e m s e l v e s .  In t h i s  f i r s t  v i s i t ,  a m o r e  s p e c i f i c  c h a r a c t e r i z a t i o n  o f  t h e  f u n c t i o n s  a n d  p e r s o n a l i t i e s  w a s  n o t  
p o s s i b l e .  This  m i g h t  b e  a n  i n t e r e s t  o f  a f u t u r e  c a s e  s t u d y .
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S t r u c t u r e / P r o c e s s
T h e  p r o c e s s  a n d  s t r u c t u r e  o f  t h e  w o r k  f l o w  is u s u a l l y  d e f i n e d  by  t h e  s t u d i o ' s  h e a d  u p f r o n t  e v e r y  p r o j e c t .  T h e  m a i n  p h a s e s  a r e  a 
f i rs t  r e s e a r c h  i n t o  t h e  p r o b l e m ,  t h e  b r i e f i n g  w i t h  t h e  c l i e n t  ( w h i c h  is v e r y  m u c h  g u i d e d  b y  Karrer h i m s e l f ) ,  t h e  s u b s e q u e n t  d e e p e ­
n i n g  r e s e a r c h  a n d  p r o b l e m  d e f i n i t i o n ,  a n d  t h e  r e f i n e m e n t  o f  t h e  p r o t o t y p e s .  S k e t c h i n g  a n d  p r o t o t y p i n g  a r e  b e i n g  u s e d  v e r y  ea r ly  
o n  in t h i s  p r o c e s s ,  u s u a l l y  in t h e  f i rs t  p h a s e .  P ic t u re  1 6  s h o w s  a n  e a r ly  t h i n k i n g  s k e t c h .  A n  e x a m p l e  o f  a e a r ly  a n d  q u i c k  p r o t o t y p e  
f o r  a t y p e  o f  c h a i r  is s e e n  in p i c t u r e  1 7 ,
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T o o l s  & M e t h o d s
Th e  t o o l s  a n d  m e t h o d s  m a y  v a ry  in e a c h  p r o j e c t .  T h e  s t u d i o  h a s  a w e l l  e q u i p p e d  w o r k s h o p  w i t h  w o o d -  a n d  m e t a l - w o r k  m a c h i n e s  
a n d  m a t e r i a l s .  U s e d  m e t h o d s  c a n  b e  a l s o  v e r y  s i m p l e ,  l ike t h e  u s e  o f  s e r i a l i s e d  s k e t c h i n g ,  s h o w n  in p i c t u r e s  1 8  a n d  1 9 .
l Ju 'ft-f T Q
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S k e t c h i n g  a s  a m e t h o d  is a l s o  b e i n g  u s e d  t o  c lar i fy  m o r e  s p e c i f i c  p r o b l e m s  o f  a n  i n d i v i d u a l  d e s i g n ,  a s  s e e n  is p i c t u r e s  2 0  a n d  2 1 .
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Analysis II
D u r in g  t h e  s e c o n d  v is i t  a t  S t u d i o  Karrer, a s t r o n g e r  e m p h a s i s  w a s  b e i n g  p l a c e d  o n  t h e  ro le  o f  p r o t o t y p i n g  in t h e  d e v e l o p m e n t  p r o c e s s  
a n d  t h e  d i s c u s s i o n s  o f  p r o t o t y p e s  in m e e t i n g s .  S e v e r a l  d i f f e r e n t  c a s e s  w e r e  d i s c u s s e d  t o  s h e d  l i g h t  o n  d i f f e r e n t  a s p e c t s  o f  t h e  t o p i c .  T h e  
in f o r m a l  i n t e r v i e w  w a s  b e i n g  r e c o r d e d  f o r  l a te r  a n a l y s i s .
Process model
Karrer e x p l a i n e d  t h a t  a  b a s i c  u n d e r l y i n g  p r o c e s s  m o d e l ,  t h e  s t u d i o  f o l l o w s  its o w n  a p p r o a c h ,  c a l l e d  , I c o n i s e ' .  T h e  m o d e l  i d e n t i f i e s  t h e  
in d iv id u a l  s t e p s  a s  f o l l o w e d :
1 I d e n t i f y I d e n t i fy in g  t h e  c o n t e x t u a l  s i t u a t i o n ,  p r o b l e m s  a n d  c o n s t r a i n t s
2 C o l l e c t C o l l e c t i n g  t h e  r e l e v a n t  m a t e r ia l ,  in sp ir a t io n ,  o b s e r v a t i o n s  a n d  in s i g h t s
3 O r g a n i s e O r g a n i s i n g  a n d  c a t e g o r i s i n g  t h e  c o l l e c t e d  m a t e r ia l
4 N u m m e r i s e N u m m e r i s e  o f  pr ior i t i s e  t h e  o r g a n i s e d  m a t e r ia l
5 In t e r p r e t In terpre t  t h e  m a t e r ia l  t o  d e r i v e  t h e  m o s t  r e l e v a n t  i n s i g h t s  a n d  p o s s i b l e  s o l u t i o n s
6 S h a p e B u i ld in g  a  s h a p e  a c c o r d i n g  t o  t h e  i n t e r p r e t a t i o n
7 E x p o s e E x p o s i n g  t h e  p r o t o t y p e  o f  f i n i s h e d  p r o d u c t  t o  t e s t  a u d i e n c e s  or  d e s i g n  e x p e r t s
W h i l e  m o s t  o f  t h e  s t e p s a re  b e i n g  c o m p l e t e d  d u r i n g  a  d e v e l o p m e n t  p r o c e s s ,  t h e i r  i m p o r t a n c e  m a y  va ry  g r e a t ly .  A l s o ,  a t  t i m e s ,  t h e  s t e p s
m i g h t  c h a n g e  t h e i r  o r d e r  or  a r e  b e i n g  r e p e a t e d  w h e n  c o n t r a d i c t i n g  i n s i g h t s  a re  b e i n g  g a i n e d  in a l a te r  s t e p .  A s  t h e  m o s t  i m p o r t a n t  
p h a s e s  Karrer i d e n t i f i e s  s t e p  1 . i d e n t i fy '  a n d  s t e p  5 . in t e r p r e t ' ,  T h e  w o r k  in t h e s e  t w o  s t e p s  is b e i n g  d o n e  d u r i n g  t e a m  m e e t i n g s .  T h e  
t a s k s  in t h e  o t h e r  s t e p s  a r e  m o s t l y  a c c o m p l i s h e d  by in d iv id u a l  t e a m  m e m b e r s  w i t h  t h e  r e s u l t s  b e i n g  d i s c u s s e d  in i n f o r m a l  m e e t i n g s .
In g e n e r a l ,  t h e  p r o t o t y p i n g  p r o c e s s  b e g i n s  in s t e p  5 ( . in t e r p r e t ' ) .  H o w e v e r ,  i n s i g h t s  g a i n e d  f r o m  t h e  p r o t o t y p e s  m a y  u r g e  t h e  d e s i g n e r s  
t o  r e p e a t  o n e  or  m o r e  o f  t h e  p r e v i o u s  s t e p s .
In t h e  p r o c e s s ,  Karrer f o c u s e s  m o s t l y  o n  t h e  d e s i g n  a n d  t e c h n o l o g y  d i m e n s i o n s  o f  a g i v e n  s i t u a t i o n .  T h e  b u s i n e s s  p e r s p e c t i v e  is b r o u g h t  
in by o n e  t e a m  m e m b e r ,  w h o  w o r k s  o n  a p r o j e c t - s p e c i f i c  b a s i s .  B u s i n e s s  a s p e c t s  a r e  m o s t  o f t e n  b e i n g  r e f l e c t e d  in t h e  w o r k ,  a s  u n d e r ­
ly in g  p r in c ip le  ( fo r  e x a m p l e ,  f i n d i n g  a n e w  w a y  o f  p r o d u c t i o n ,  w h i c h  r e d u c e s  c o s t s )  or  p r e r e q u i s i t s  f r o m  t h e  c l i e n t .
Discussions/meetings
T h e  s t e p s  1 a n d  5, , id e n t i fy '  a n d  . i n t e rp r e t ' ,  are ,  a c c o r d i n g  t o  Karrer, c ruc ia l  p o i n t s  w h e r e  t h e  i n d iv id u a l  g r o u p  m e m b e r s  m e e t  f o r  a 
f o r m a l  m e e t i n g .  W h i l e  t h e  c l i e n t  b r ie f in g  a n d  m e e t i n g s  m o s t  o f t e n  o n ly  i n v o l v e  t h e  s t u d i o s  h e a d ,  h e  c a r r i e s  t h e  i n f o r m a t i o n  o n  in t o  
t h e s e  m e e t i n g s .  T h e  o t h e r  p r o c e s s  s t e p s  a re  a l s o  o f t e n  b e i n g  s t a r t e d  a n d  e n d e d  by m e e t i n g s .  H o w e v e r ,  t h e s e  a r e  car r i e d  o u t  in a  v e r y  
in f o r m a l  m a n n e r ,  a t  a c u p  o f  c o f f e e  in t h e  k i t c h e n  o r  a t  t h e  g o u p  m e m b e r s  d e s k s .
Karrer e x p l a i n s  t h a t  t h e  s t u d i o s  c u l t u r e  s h o u l d  e n c o u r a g e  t h e  o p e n  a n d  h o n e s t  e x c h a n g e  o f  o p i n i o n s .  A t  t i m e s ,  t h e r e  m a y  b e  a n  a r g u e -  
m e n t  o n  h o w  a n  i n d iv id u a l  d e s i g n  s h o u l d  b e  carr ied  o u t .  T h e s e  m a y  or  m a y  n o t  b e  r e s o l v e d .  R e g a r d i n g  c o n f l i c t i n g  v i e w s ,  o n e  c o - w o r k e r  
m e n t i o n s  t h a t  t h e  s t u d i o s  h e a d ,  B e a t  Karrer, s o m e t i m e s  t a k e s  d e s i g n  p r o p o s a l s  t o  a c l i e n t  m e e t i n g ,  w h i c h  h e  d id  n o t  a p p r o v e  in t h e  
d i s c u s s i o n .  In t h e  v i e w  o f  t h e  c o - w o r k e r ,  t h i s  is a s i g n  o f  Karrers  s e l f - r e f l e c t i v i t y  -  h e  m a y  n o t  a l w a y s  f in d  t h e  b e s t  s o l u t i o n  h i m s e l f  -  a s  
w e l l  a s  o f  h is  r e s p e c t  t o  h is  e m p l o y e e s .
M o s t  o f  t h e  g r o u p  d i s c u s s i o n s  a r e  t a k i n g  p l a c e  in t h e  k i t c h e n / w o r k s h o p  a r e a ,  a t  t h e  la r g e  s t a n d - u p  t a b l e  ( 1 ) .  M o r e  f o r m a l  a n d  c l i e n t  
m e e t i n g s  a re  b e i n g  h e l d  in t h e  c o n f e r e n c e  r o o m  (2) .
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Role o f prototyping
Karrer p o i n t s  o u t  t h e  i m p o r t a n c e  o f  a  p h y s i c a l  p r o t o t y p e  in c o n t r a s t  t o  a  m e r e  c o m p u t a t i o n s  C A D  m o d e l :  A p h y s i c a l  p r o t o t y p e  is m o r e  
s e n s u a l  a n d  p la y fu l  in t h e  m a k i n g  a n d  p r e s e n t a t i o n  (1 & 2 ) .  O f t e n ,  c o n s t r u c t i n g  a r o u g h  m o d e l  is f a s t e r  t o  p r o d u c e  t h a n  a v ir tu a l  r e p r e ­
s e n t a t i o n  (3  & 4 ) .  E s p e c ia l l y  t h e  f irst  d o e s  p o s s e s s  a g r e a t  i m p o r t a n c e  to  Karrer. A s  h e  p u t s  it, t h e  a d v a n t a g e  o f  a p h y s i c a l  p r o t o t y e  is its 
„ p o w e r  o f  t h e  rea l"  ( „ Die  Kraft d e s  E c h t e n " ) .  Karrer t e n d s  t o  m o v e  v e r y  ea r ly  o n  f r o m  s k e t c h i n g  t o  p r o t o t y p i n g ,  A s  h e  e x p e r i e n c e d ,  a 
l o t  o f  p r o b l e m s  a r e  o n l y  b e i n g  e n v i s a g e d  w h e n  m o v i n g  f r o m  t w o  d i m e n s i o n s  t o  t h r e e  d i m e n s i o n s  -  fo r  e x a m p l e ,  h o w  a  s p e c i f i c  m a t e r ia l  
b e h a v e s ,  o r  a  c o n j u n c t i o n  w o r k s  e t c .  This o b s e r v a t i o n  m i g h t  s u p p o r t  a c o n c l u s i o n  o f  t h e  a r t ic le  XX XX, w h i c h  o b s e r v e d  t h e  c o r r e l a t i o n  
o f  t h e  e a r ly  u s e  o f  d i m e n s i o n e d  d r a w i n g s  a n d  d e s i g n  o u t c o m e .
A l s o ,  Karrer p r e f e r s  p r o t o t y p e s  w i t h  f e w e r  p a rt s ,  w h i c h  r e l a t e s  t o  t h e  ar t i c l e  XXXX t h a t  s u g g e s t s  a c o r r e l a t i o n  b e t w e e n  t h e  p a rt s  o f  a 
p r o t o t y p e  a n d  t h e  d e s i g n  o u t c o m e  ( 5  - 8 ) .  A s  h e  p u t  it: „ W h e n  t h e  b u i l d i n g  o f  t h e  p r o t o t y p e  is a t e d i o u s  a n d  d i f f i cu l t  w o r k ,  c h a n c e s  a re  
t h a t  t h e  p r o d u c t i o n  o f  t h e  d e f i n i t i v e  p r o d u c t  wi l l  b e  t o o .  W h i c h  i s n ' t  p r e f e r a b l e . , . "  A s  a n  e x a m p l e ,  Karrer p r e s e n t s  t h e  m o d e l  o f  a LED 
l a m p  t h e  s t u d i o  h a d  d e s i g n e d .  W h i l e  h e  c e n t r a l  p i e c e  o f  t h e  l a m p  c o n s i s t s  o f  very  f e w  p a rt s ,  t h e  d e s i g n  s o l u t i o n  w i t h  its g i l l s  a l l o w s  a n d  
i ts  i n c r e a s e d  a m o u n t  o f  s u r f a c e  fo r  a b e t t e r  h e a t  d i s t r i b u t i o n  a n d  t h u s  a  l o n g e r  li fe  o f  t h e  LEDs a s  w e l l  a s  it g i v e s  t h e  u s e r  im p l i c i t  a n d  
t a c t i l e  i n f o r m a t i o n  o f  t h e  u s e  a n d  d i r e c t i o n  in w h i c h  t h e  l a m p  is w o r k i n g .
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Karrer d i s t i n g u i s h e s  t w o  m a j o r  c a t e g o r i e s  o f  p r o t o y p e s  in his  w o r k :  f u n c t i o n a l  or  t e c h n o l o g i c a l  p r o t o t y p e s  (3 ,  4 ,  1 0 ,  1 1 ) ,  a n d  s ty l i s t i c  
p r o t o t y p e s  (7 ,  8 ,  9 ) .  T h e  first  d e m o n s t r a t e  a n d  t e s t  a t e c h n o l o g i c a l  s o l u t i o n .  T h e  s e c o n d  d e m o n s t r a t e  a n d  t e s t  a f o r m a l ,  a e s t h e t i c  s o l u ­
t i o n ,  H o w e v e r ,  h e  d o e s  n o t  r e g a r d  t h e  b o r d e r l i n e  b e t w e e n  w h a t  s h o u l d  b e  c o n s i d e r e d  a s k e t c h ,  a m o d e l ,  or  a p r o t o t y p e  a s  a  d e f in i t i v e  
o n e .
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T h e  f u n c t i o n a l  a n d  s ty l i s t ic  p r o t o t y p e s  a r e  b e i n g  m o s t l y  d e v e l o p e d  s i m u l a t e n o u s l y ,  w h i l e  t h e  f u n c t i o n a l  p r o t o t y p e s  t e n d  t o  b e  m a d e  a  
l i t t le  b it  earlier.  Karrer s h o w s  th i s  o n  t h e  e x a m p l e  o f  a n e w  l o u n g e  d e s i g n  (7  - 1 1 ) .  In t h i s  c a s e ,  t h e  d e s i g n  a i m i n g  a t  t h e  a p p e a r a n c e  a n d  
f e a t u r e s  o f  a rock  a t  a b e a c h ,  w h i c h  o f f e r s  m a n y  d i f f e r e n t  s e a t i n g  o p t i o n s ,  is d i v i d e d  in t w o  d i r e c t i o n s :  t h e  s t y l i s t i c  d i m e n s i o n ,  t e s t i n g  
d i f f e r e n t  s h a p e s  t h e  c o u c h  m a y  h a v e  (7 ,  8 ,  9 ) ,  a n d  t h e  f u n c t i o n a l  d i m e n s i o n ,  t e s t i n g  d i f f e r e n t  w a y s  o f  j o i n t s  (7 ,  1 0 ,  1 1 ) .
S t u d i o  B e a t  K a r r e r  | A n a l y s i s  | P a g e  9
Prototyping example
1 1 1 !
A s  a n  e x a m p l e ,  o n e  p r o t o t y p i n g  p r o c e s s  w a s  r e c o n s t r u c t e d  a l o n g  t h e  d e v e l o p m e n t  o f  a  l i g h t  e m i s s i o n  r e d u c i n g  l a m p  fo r  p u b l i c  p l a c e s  
(1 & 2 ).
Ident ify:
A f t er  t h e  c l i e n t  m e e t i n g ,  t h e  t e a m  i d e n t i f i e d  t h e  g e n e r a l  g o a l s  a n d  c o n s t r a i n t s  o f  t h e  p r o j ec t ,  T h e s e  i n c l u d e d  t h e  r e d u c t i o n  o f  t h e  l i g h t  
b e i n g  e m i t t e d  u p w a r d s ,  a s  w e l l  a s  t h e  p r o d u c t i o n  c o s t s .
C o l l ec t :
In t h e  s e c o n d  s t e p ,  o n e  t e a m  m e m b e r  c o l l e c t e d  t h e  e x i s t i n g  s o l u t i o n s  f r o m  t h e  c o m p e t i t o r s  a s  w e l l  a s  d a t a  c o n c e r n i n g  t h e  c l i e n t s  
p r o d u c t  line .
O r g a n i s e :
T h e  g a t h e r e d  i n f o r m a t i o n  w a s  t h e n  o r g a n i s e d  in d i f f e r e n t  g r o u p s  a n d  c a t e g o r i e s .  In t h i s  e x a m p l e s ,  t h e  d a t a  s h o w e d  t h a t  m o s t  o f  t h e  
e x i s t i n g  s o l u t i o n s  u s e d  a c o m b i n a t i o n  o f  s e v e r a l  p a rt s ,  r e q u i r i n g  a l a b o r i o u s  p r o d u c t i o n  p r o c e s s .
N u m m e r i s e :
In t h i s  e x a m p l e ,  t h e  n u m m e r i s e  s t e p  w a s  m a r g i n a l  a n d  f u s e d  t o g e t h e r  w i t h  t h e  o r g a n i s e  s t e p ,
I nterpret:
In t h e  i n t e r p r e t a t i o n  o f  t h e  g a t h e r e d  d a t a ,  t h e  t e a m  c a m e  t o  t h e  c o n c l u s i o n  t h a t  all t h e  e x i s t i n g  s o l u t i o n s  t ry in g  t o  r e d u c e  t h e  l i g h t  b e i n g  
e m i t t e d  u p w a r d s ,  u s e d  s e v e r a l  r in g s  a r o u n d  t h e  l a m p  d i r e c t i n g  t h e  l i g h t  d o w n w a r d s .  In t h e  l i g h t  o f  t h e  s u d i o s  d e s i g n  s t a n d a r d  t o  f ind  
a s i m p l e  y e t  e l e g a n t  s o l u t i o n ,  th is  s o l u t i o n  w a s  n o t  c o n s i d e r e d  a s  a n  v i a b l e  w a y .  T h e  t e a m  t h e n  d e c i d e d  t o  f in d  a w a y  t o  p r o d u c e  t h e  
s a m e  e f f e c t  w i t h  o n ly  o n e  p ie c e ,  w h i c h  a l l o w e d  fo r  m u c h  l o w e r  p r o d u c t i o n  c o s t s  a s  w e l l  a s  a s i m p l e r  d e s i g n .
A l s o ,  in t h i s  p h a s e ,  t h e  o r ig in a l  p r o b l e m  d e f i n i t i o n  c o u l d  b e  r e f in e d  in t o  m o r e  d e t a i l ,  T h e  q u e s t i o n s  a s k e d ,  w h e r e  h o w  t o  r e d u c e  t h e  l i g h t  
e m i t t e d  u p w a r d s  u s i n g  o n e  part  a n d  w h i c h  a n g l e ,  c o lo u r ,  a n d  m a t e r i a l  t h i s  s o l u t i o n  w o u l d  h a v e  t o  p o s s e s s .  In a d d i t i o n ,  t h e  t e a m  h a d  
t o  c o n s i d e r  t h e  t y p e  o f  l a m p  b e i n g  u s e d ,  a s  it w o u l d  h a v e  b e i n g  a b l e  t o  e v e n l y  d i s t r i b u t e  t h e  l i gh t .
S h a p e :
U s i n g  o n e  a l u m i n i u m  p la te ,  t h e  t e a m  t h e n  p r o d u c e d  m a n y  p r o t o t y p e s  t e s t i n g  d i f f e r e n t  s h a p e s ,  c o lo u rs ,  a n d  a n g l e s  t o  f in d  t h e  o p t i m u m  
c o n f i g u r a t i o n .  In a n  e a r ly  p h a s e ,  t h e s e  p r o t o t y p e s  w e r e  m a d e  o u t  o f  c o a t e d  p a p e r  a n d  c a r d b o a r d  (3 ,  4 ) .  T h e n ,  d i f f e r e n t  m a t e r i a l s ,  
c o l o u r s ,  a n d  a n g l e s  w e r e  b e i n g  t e s t e d  (5 ,  6 ,  7 ) .  A l s o ,  i n v e s t i g a t i o n s  w e r e  m a d e  c o n c e r n i n g  t h e  p r o d u c t i o n  p r o c e s s ,  w h a t  m a c h i n e s  a n d  
m o l d s  w o u l d  h a v e  t o  b e  u s e d  (8 ,  9 ) .  T h e n ,  t h e  p r o t o t y p e s  w e r e  b e i n g  t e s t e d  in a f irst  p h a s e  w i t h  a p h o t o m e t e r .  T h e n  t h e  d e t a i l e d  form  
o f  t h e  c u t  o u t  p i e c e s  w a s  b e i n g  i n v e s t i g a t e d ,  r e s u l t i n g  in a t r a b e z o i d  s h a p e  ( 1 0 ) .  O n c e  t h e  p r o t o t y p e s  w e r e  r e f in e d  t o  a f ina l  p r o t o t y p e ,  
t h e y  w e r e  b e i n g  s e n d  t o  a g o v e r n m e n t a l  t e s t  l a b o r a t o r y  a s  t o  t e s t  w h e t h e r  t h e  l a m p  m e e t s  t h e  req u i re d  d e m a n d s  o f  t h e  r e g u l a t o r y  
b o d y .
E x p o s e :
In t h i s  e x a m p l e ,  t h e  f i n i s h e d  p r o t o t y p e  w a s  b e i n g  p r e s e n t e d  t o  t h e  c u s t o m e r .  In o t h e r  p r o j ec t s ,  t h e  p r o t o t y p e s  a r e  g e n e r a l l y  p r e s e n t e d  
e a r l i e r  o n  in t h e  p r o c e s s  t o  t h e  c l i e n t .  D e p e n d i n g  o n  t h e  c l i e n t s  i n d iv id u a l  p r e f e r e n c e s ,  t h e s e  p r o t o t y p e s  are  m o r e  or  l e s s  r e f in e d  a n d  
e n h a n c e d  w i t h  CA D  p r e s e n t a t i o n s .  H o w e v e r ,  t h e  s t u d i o  l ikes t o  p r e s e r v e  t h e  a r t i s t i c  q u a l i t i e s  o f  t h e  p r o t o t y p e s  in t h e  p r e s e n t a t i o n ,  
w h i c h  c a n ,  t o  a c e r t a in  d e g r e e ,  b e  lo s t  in t h e  c o m p u t e r  r e n d e r in g s .
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Appendix: Protoype-focused analysis model
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Figure: proposed, prototype-focused analysis model
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h o u g h  t h e  f o u n d e r s  a l r e a d y  w o r k e d  t o g e t h e r  b e f o r e  t h a t .  W i th in  t h e  Zur ich d e s i g n  c o m m u n i ty ,  it is r a t h e r  w e l l - k n o w n .  N ext  t o  t h e i r  
b u s in e s s ,  t h e  t w o  f o u n d e r s  a l s o  t e a c h  d e s i g n  a t  t h e  U nivers i ty  o f  A rt  a n d  D e s ign  L a u s a n n e  (ECAL) a n d  t h e  F&F A rt  School  in Zurich .  
B o n b o n  rec ru i t s  t h e i r  m o s t  i m p o r t a n t  c u s t o m e r s  heav i ly  f ro m  t h e  a r t  a n d  m e d i a  in s t i t u t i o n s  in a n d  a r o u n d  Zurich .
G e n e ra l  r e m a r k s
In th i s  a na lys i s ,  I f i rs t  t r ied  t o  t a k e  a  c lo s e r  look  a t  t h e  d i m e n s i o n s  p r o p o s e d  by t h e  c o n t e x t u a l  inqu iry  a p p r o a c h :  w o r k  flow, s e q u e n c e ,  
a r t i f a c ts ,  c u l tu re ,  a n d  phys ica l  e n v i r o n m e n t .  In a  s e c o n d  s t e p ,  I t r i e d  t o  d o  t h e  s a m e  u s ing  t h e  d r a f t  o f  t h e  s im p l i f ied  m o d e l  I f o r m u ­
l a t e d  t o  a n a l y s e  f ro m  a p r o t o t y p e - f o c u s e d  p o i n t  o f  view.
Work flow
As t h e r e  a r e  on ly  t w o  c o - w o rk e r s  ( t h e  f o u n d e r s )  p r e s e n t l y  c o l l a b o r a t i n g .  The ir  r e s p o n s ib i l i t i e s  a n d  r o le s  a r e  q u i t e  similar,  a l t h o u g h  
t h e r e  a r e  s o m e  i m p o r t a n t  d i f f e r e n c es .  O n p a r t i c u l a r  p ro je c ts ,  t h e  t w o  w o r k  c lose ly  t o g e t h e r  w i th  t h e i r  su p p l i e r s  a n d  c l ien ts .  This is 
in f a c t  t h e i r  p r e fe r r e d  c o l l a b o r a t i o n  m o d e ,  a n d  t h e y  try t o  p u r s u e  it  a s  m u c h  a s  p o ss ib le .  In f in d in g  a n  m e t a p h o r  fo r  t h e m ,  t h e y  d e ­
s c r ib e d  t h e m s e l v e s  a s  t h e  „ t e c h n i c i a n "  a n d  t h e  J o k e r " .  A l t h o u g h ,  b o t h  c la im  t o  h a v e  t h e  s a m e  r o le s  in g e n e r a l ,  t h e y  iden t i fy  th e i r  
in d iv id ua l  ro le s  a  b i t  d i f ferent ly .  The . . t e c h n i c i a n "  is m o r e  f o c u s e d  o n  t h e  d e v e l o p m e n t  o f  d e s i g n  c o n c e p t s  a n d  p r o g r a m m s ,  th in k in g  
t h e m  t h r o u g h  in t h e i r  c o n s e q u e n c e s .  The J o k e r "  likes m o r e  t o  q u e s t i o n  c o m m o n l y  h e ld  be l i e v e s  a n d  c o n c e p t u a l  d i s t in c t io n s  w h ic h  
m i g h t  e m a n a t e  in t h e i r  w o r k .  The ir  c o l l a b o r a t i o n  m i g h t  b e  w e l l  d e s c r i b e d  a s  a  f o rm  o f  c o n s t r u c t i v e  confl ic t .  T hey r eg u la r ly  p r e s e n t  
e a c h  o t h e r  t h e i r  c u r r e n t  w o r k  r e s u l t s  in t h e  f o rm  o f  p r o to ty p e s ,  s k e tc h e s ,  m o o d b o a r d s  a n d  t h e  like. In tu r n ,  t h e y  c ri t ize  e a c h  o t h e r s  
w o r k s  t o  t e s t  t h e i r  validity.  On a n d  off, t h i s  m i g h t  r e s u l t  in p e r s o n a l  d i f f e r e n c es ,  b u t  b o t h  h a v e  f o u n d  s t r a t e g i e s  t o  c o p e  w i t h  t h e m  
a n d  t u r n  t h e m  i n to  c o n s t ru c t i v e  en e rg y .  The m e e t i n g s  a r e  m o s t ly  h e ld  in t h e i r  s t u d i o  a n d  a r e  in fo rm a l  in n a t u re .
Sequence
The  s e q u e n c e  o f  t h e  w o r k  d i f fe r s  f ro m  p r o j e c t  t o  p r o j e c t  in its d e ta i l s .  O n a  m o r e  g e n e r a l  level,  t h e y  f o l lo w  r o u g h ly  p r o c e e d  in t h e  
s t e p s :  b r ie f in g  w i t h  t h e  cl ien t ,  g a t h e r i n g  o f  ini t ial  i n s p i r a t i o n s  ( m o o d b o a r d ) ,  a n a ly s i s  o f  t h e  d i f f e r e n t  a s p e c t s  o f  t h e  p r o je c t  a n d  
a s s i g n m e n t  o f  ind iv id ua l  res p o n s ib i l i t i e s ,  d e v e l o p m e n t  o f  initial s k e t c h e s  a n d  p r o t o t y p e s ,  in t e r n a l  r e v ie w  o f  s k e t c h e s  a n d  p r o t o t y p e s  
(c r i t ique) ,  m o d i f i c a t io n  a n d  e l a b o r a t i o n  o f  p r o t o t y p e s ,  e x t e rn a l  re v ie w  o f  p r o t o t y p e s  w i th  c l ien ts  a n d  su pp l ie r s ,  f u r t h e r  d e v e l o p m e n t  
o f  p r o t o t y p e s ,  e x te rn a l  r e v ie w s  a s  n e c e s sa ry ,  d e v e l p m e n t  o f  f ina l  d e s i g n .  The  s e q u e n c e  is b e i n g  t r i g g e r e d  by t h e  c l ien t  b r ie f in g .  Indi­
v id u a l  i n s p i r a t i o n s - w h i c h  a r e  g a t h e r e d  b e f o r e h a n d  in ga l le ry  visits,  b o o k  rev iew s,  e t c . - o f t e n  t r i g g e r  t h e  id e a t i o n  p h a s e .  The  o r d e r  
o f  t h e  p r o c e s s  s t e p s  is n o t  f ixed in a  f o r m a l  m a n n e r ,  b u t  is u s e d  re la t ive ly  c o n s i s t e n t .  B r e a k d o w n s  m i g h t  h a p p e n  in t h e  c o l l a b o r a t i o n  
w i t h  t h e  c l ien t ,  w h e n  t h e  ind iv idua l  e x p e c t a n c i e s  h a v e  n o t  b e e n  s y n c h r o n i s e d  d u r in g  t h e  br ie f ing ,  o r  w h e n  a m o d e  o f  c o l l a b o r a t i o n  
h a s  t o  b e  e s t a b l i s h e d  w i t h  n e w  su pp l ie r s .
Culture
B o th  d e s i g n e r s  p r e fe r  a n  o p e n  a n d  h o n e s t  d i s c o u r s e  o n  th e i r  w o r k .  C o nf l ic t  is o f t e n  a c c e p t e d  a s  a  m e a n s  t o  im p ro v e  t h e  d e s ig n  
so l u t i o n ,  a l t h o u g h  it m i g h t  n o t  a lw a y s  b e  r e s o lv e d .  They e m p h a s i s e ,  t h a t  c r i t ique ,  a s  h a r s h  a s  it m a y  be,  is on ly  a l l o w e d  r e g a r d i n g  
t h e  w o r k ,  n o t  by a d r e s s i n g  t h e  ind iv id ua l .  The ir  m u t u a l  c r i t iq u e  s e s s i o n s  m i g h t  b e  id e n t i f i e d  a s  sp ec i f ic  r i tuals .  P a s t  e x p e r i e n c e s  w i th  
a n  e m p l o y e e  a n d  a p o t e n t i a l  th i r d  p a r t n e r  h a s  led  t h e m  to  be l ieve ,  t h a t  th i s  s o r t  o f  c o l l a b o r a t i o n  m i g h t  on ly  w o r k  b e t w e e n  t h e  b o th  
o f  t h e m .  B r e a k d o w n s  s o m e t i m e s  h a p p e n ,  w h e n  n o  r e s o lu t io n  on  a  w o r k - r e l a t e d  con f l ic t  m a y  be  f o u n d .  P o w e r  is e q u a l ly  d i s t r ib u te d  
b e t w e e n  t h e  b o t h .  They e m p h a s i z e  t h a t  t h e y  v a l u e  individual i ty ,  t h e  a p p l i c a t i o n  o f  t h e i r  o w n  d e s i g n  c ri te r ia ,  a n d  t h e i r  i n d e p e n d e n c e  
o v e r  m o n e t a r y  r e t u r n s  a n d  p u b l ic  r e c o g n i t i o n  ( a l t h o u g h  t h e y  w o n  se v e r a l  d e s i g n  a w a r d s ) .
Physical environm ent
The  p l a c e  is o n e  l a rg e  lof t - l ike  r o o m  in a  in d u s t r i a l  b u i ld in g  f ro m  t h e  mid 1 9 6 0 i e s .  It is a  t idy  a n d  su rp r i s in g ly  q u i e t  p lace .  The  ind ivi­
d u a l  w o r k p l a c e s  a r e  a l i g n e d  in a  s t r a i g h t  line , l e a v in g  p la c e  in t h e  m id d le  fo r  a  th i r d  c o - w o r k e r  (w h ich  a t  o n e  p o i n t  w a s  o c c u p i e d  by 
a n  in te rn ) .  All t h r e e  w o r k p l a c e s  a r e  e q u i p p e d  w i t h  a (A pple -)  d e s k t o p  c o m p u t e r  a n d  a  t e l e p h o n e .  On o n e  s id e  o f  t h e  ro o m ,  a la rg e  
b o o k s e l f  c o v e r s  t h e  wal l ,  o f f e r ing  s p a c e  f o r  a  c o l l e c t io n  o f  b o o k s  a s  w e l l  a s  a n  a rc h iv e  o f  t h e  a g e n c i e s  p r e v io u s  w o r k .  In a  sm al l
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n i c h e  in t h e  b o o k s e l f ,  a  w o r k  p l a c e  f o r  c u t t i n g  a n  g l u e i n g  is i n t e g r a t e d ,  In t h e  c o r n e r ,  w h e r e  t h e  b o o k s  a r e  b e i n g  s t o r e d ,  a n  a r m c h a i r  
is s t a n d i n g  n e x t  t o  t h e  b o o k s e l f .  E x c e p t  fo r  t w o  or  t h r e e  s p o t s ,  t h e  w a l l s  d o  n o t  d i s p l a y  a n y  v i s u a l  s t i m u l i ,  O n ly  o n e  p o s t e r ,  a r e c e n t  
p r o d u c t  fo r  a e x h i b i t i o n ,  is p i n n e d  t o  t h e  w a l l ,  a l o n g s i d e  w i t h  s o m e  m i n o r  p i e c e s  o f  p r i n t e d  o b j e c t s .
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The place is a lo ft- like  space, fea tu ring  tw o sides w ith  large w indow s one side 
w ith  a bookself and one naked wall.
The bookself serves to store the  agencies book co llection as w e ll as previous 
w ork  samples.
We w ork places are aligned in a single row, leaving one place free between the  Every w orkplace is equipped w ith  a desktop computer, a te lephone and a lamp, 
tw o designers. On the side and underneath, there is space fo r m ateria ls o f im m edia te concern.
B o n b o n  D e s i g n  A g e n c y  | A n a l y s i s  | P a g e  2
One corner o f the bookself is reserved fo r the book collection. A small space w ith in  the bookse lf is designated fo r cu tting  or g lueing prototypes.
mmsmtzmstasm — —
|Papiermuster
-
A large tab le  serves as a co llabora tive space and to  store paper samples, as w e ll as large-scaled posters.
I
b
Only very fe w  visual s tim uli are being displayed on the walls.
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Artifac ts /P roto types
O n e  s p e c i f i c  a r t i f a c t  w a s  p i c k e d  t o  t a k e  a c l o s e r  l o o k  a t  -  a p r o t o t y p e  f o r  a m o n o g r a p h y  f o r  a  p h o t o g r a p h e r .  T h e  d e s i g n e r s  f i r s t  p r i n ­
t e d  o u t  all  t h e  p i c t u r e s  t h e  a r t i s t  c o l l e c t e d  f o r  p u b l i c a t i o n  in a s m a l l  s i z e  ( 1 ) .  T h e y  t h e n  c u t  o u t  t h e  i n d i v i d u a l  p i c t u r e s  ( 2 )  a n d  p r i n t e d  
A 3 - s i z e d  p a p e r s  w i t h  a d i s p l a y  o f  all  t h e  b o o k s  p a g e s  a s  b l a n k s  o n  t h e m ,  w h e r e  t h e y  a s s i g n e d  t h e  p i c t u r e s  t o  t h e  p a g e s  ( 3 ) .  T h e  
d e s i g n e r s  t h e n  w e n t  a b o u t  t o  f i n d  i n d i v i d u a l  c o m b i n a t i o n s  o f  p i c t u r e s  a n d  s e r i e s  o f  p i c t u r e s .  A t  d i f f e r e n t  s t e p s  o f  t h e  d e v e l o p m e n t ,  
t h e  p r o t o t y p e  w a s  r e v i e w e d  w i t h  t h e  p h o t o g r a p h e r  a n d  m o d i f i e d  w h e r e  s h e  s a w  fi t  ( 4 ) .  M i s s i n g  m a t e r i a l  or  o t h e r  f u t u r e  g r a p h i c  
e l e m e n t s  w h e r e  d r a w n  o n  t h e  p r o t o t y p e  ( 5 ) .  B e f o r e  a n d  d u r i n g  t h e  p r o c e s s ,  t h e  a r t i s t  s e n t  t h e  d e s i g n e r s  i n s p i r a t i o n a l  m a t e r i a l ,  s u c h  
a s  p o s t c a r d s  w i t h  a d i s t i n c t  a n d  d e s i r e d  a e s t h e t i c ,  t o  c la r i fy  h e r  v i s i o n  o r  r e q u i r e m e n t s  fo r  t h e  p r o d u c t .
T h e  p r o t o t y p e  is m a d e  in s u c h  a  m a n n e r  t h a t  it a l l o w s  t h e  d e s i g n e r s  t o  f r e e l y  r e a s s i g n  a n d  r e c o m b i n e  t h e  i n d i v i d u a l  p i c t u r e s ,  c o l -  
l a b o r a t i v e l y .  W h i l e  o f f e r i n g  t o  f a s t e r  a n d  m o r e  s p o n t a n e o u s  m a k e  c o m b i n a t i o n  c h o i c e s ,  t h e  p r o t o t y p e  a l s o  g i v e s  a b e t t e r  i m p r e s ­
s i o n  o f  a n d  f e e l  f o r  t h e  f i n a l  f o r m  a n d  m a t e r i a l i t y  o f  t h e  b o o k  by e x e c u t i n g  t h e  in it ia l  d e s i g n  o n  p a p e r  r a t h e r  t h a n  t h e  c o m p u t e r  
s c r e e n .  T h e  s t r u c t u r e  r e p r e s e n t s  t h e  c o n c e p t u a l  f o r m  o f  a b o o k  w h i l e  s c a l i n g  e v e r y t h i n g  d o w n .  T h e  s c a l i n g  e n a b l e s  t h e  d e s i g n e r s  
t o  g a i n  a  b e t t e r  g r a s p  o f  t h e  b o o k  a s  a w h o l e  a n d  s t r u c t u r e  it in a  s e q u e n c e  o f  i n d i v i d u a l  b u t  c o n n e c t e d  s e r i e s  o f  p h o t o g r a p h s .
T h e  p r e s e n t a t i o n  o f  t h e  p r o t o t y p e  is  t h a t  o f  a r o u g h  d r a f t .  It is m o r e  c o n c r e t e  in i ts  i m a g e  q u a l i t y  t h a n  d r a w i n g s .  T h e  d e c i s i o n  fo r  
t h i s  k in d  o f  p r o t o t y p e  i m p l i e s  t h a t  t h e  d e s i g n  o f  g r a p h i c  e l e m e n t s  a n d  t y p o g r a p h y  w i l l  h a v e  t o  b e  c o m b i n e d  w i t h  t h e  i m a g e s  in a 
l a t e r  s t a g e  o f  t h e  p r o c e s s .  It t h e r e f o r e  r e v e a l s  a d e c i s i o n  t o  f o c u s  o n  m a t e r i a l i t y  a n d  t h e  p o w e r  o f  t h e  p i c t u r e s  t h e m s e l v e s ,  w h i c h  
m i g h t  b e  a n  i m p l i c i t  d e s i g n  s t r a t e g y  f o r  t h e  b o o k .
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Figure: proposed, prototype-focused analysis model
U sing  t h e  m o d e l  o f  a  p r o t o t y p e - f o c u s e d  a n a ly s i s  a b o v e ,  t h e  fo l lo w in g  d a t a  c ou ld  b e  g a t h e r e d :
Culture
L ocat ion :  The d e s i g n  a g e n c y  is l o c a t e d  in a  lof t - l ike  r o o m  in a n  o ld in d u s t r i a l  bu i ld in g .  The in te r io r  is f u n c t i o n a l  b u t  n o t  p a r t i c u ­
larly hip. The  f u r n i t u r e  s e e m s  t o  c o n s i s t  m o s t ly  f ro m  s e c o n d - h a n d  col lec t ib le s .  The w a l l s  a r e  s c a rc e ly  d e c o r a t e d .  Only f e w  p e r s o n a l  
o b j e c t s  g iv e  h in t s  to  w h o  m i g h t  w o r k  in t h e  p lace .  It is a very  q u i e t  p lace .  No m u s ic  w h a t s o e v e r  is t o  b e  h e a r d .  The  bu i ld in g  is 
l o c a t e d  in a n  a r e a  s o m e  m i le s  f ro m  t h e  c e n t r e  o f  t h e  city. It is q u i t e  c lo se  t o  o n e  of  t h e  p a r t s  o f  t h e  city, w h i c h  is c o n s i d e r e d  t o  b e  
o n e  o f  t h e  h i p p e s t  p l a c e s  a t  t h e  m o m e n t .
R i tu a l s /A c t io n s :  The  t w o  d e s i g n e r s  c u l t iv a te  a n  e x c h a n g e  a n d  c r i t iq u e  o f  i d e a s  in p e r iod ica l  m e e t i n g s  w h ic h  c o u ld  b e  d e s c r i b e d  
a s  c o n s t r u c t i v e  confl ic t .
S t a n d a r d s / S t y l e s / P r e f e r e n c e s :  The  a g e n c y  h a s  a  p r e f e r e n c e  t o  w o r k  c lose ly  t o g e t h e r  w i t h  t h e i r  su p p l i e r s  (like t h e  p r in t  s h o p  or  t h e  
b o o k b i n d e r )  a s  w e l l  a s  t h e i r  c l ien ts  to  d e v e l o p  t h e  m o s t  s u i t a b l e  s o l u t i o n  f o r  a  d e s i g n  p r o b l e m .  They d o  h a v e  a  s t r o n g  t e n d e n c y  
t o w a r d s  e l a b o r a t e d  t y p o g r a p h i c a l  so lu t io n .
Communication
T ac i t / In fo rm a l  In fo rm a t io n :  T h r o u g h  its lo o s e  p a r t s ,  t h e  p r o t o t y p e  is imp ly ing  a  h ig h  i m p o r t a n c e  in t h e  f lexibil i ty  a n d  m o m e n t a r i ­
n e s s  o f  t h e  a r r a n g e m e n t .
Use:  The  a n a l y s e d  p r o t o t y p e  c o u ld  in its u s e  b e  -  r e f e r r ing  t o  F e rg u so n  ( 1 9 9 4 )  -  c a t e g o r i s e d  a s  a  th i n k i n g  a n d  t a lk in g  sk e tc h .  
Explicit  I n f o rm a t io n :  T he  p r o t o t y p e  is explici t ly  s h o w i n g  t h e  a r r a n g e m e n t  o f  t h e  p ic tu re s  a n d  t h e  overa l l  s t r u c t u r e  of  t h e  b o o k .  
Explicit  i n f o r m a t i o n  is b e in g  g iv en  by t h e  i n s p i r a t io n a l  m a t e r i a l  ( th e  p o s t  c a r d s  r e f e r r ing  to  sp ec i f ic  g r a p h i c  e l e m e n t s  f ro m  a  t im e  
p e r io d )  s e n t  by  t h e  c l ien t .  Also, n o t e s  w r i t t e n  o n  t h e  p r o t o t y p e  (like „ c o v e r " )  g ive  h in ts  t o  y e t  m is s in g  e l e m e n t s  o r  sp ec ia l  f u n c ­
t i o n s  o f  in d iv id ua l  p a g e s .
Conception
P r o b le m  Fram ing :  The  p r o t o t y p e  s h o w s  t h a t  t h e  p r o b l e m  of  s e q u e n c i n g  t h e  se r i e s  o f  p i c t u re s  a s  wel l  a s  a r r a n g i n g  t h e  ind iv idua l  
p i c t u re s  is a  d o m i n a n t  to p i c  a  s o l u t i o n  h a s  t o  a d d r e s s .  Also, by c h o o s i n g  a n  a p p r o a c h  u s ing  a  p a p e r  p r o t o t y p e  i n s t e a d  o f  d e v e l o ­
p in g  t h e  c o n c e p t  u s ing  t h e  c o m p u t e r  s h o w s  a n  a w a r e n e s s  fo r  t h e  p r o b l e m  of  mate r ia l i ty .
D e s ig n  P r inc ip les :  The f ina l  d e s i g n  p r inc ip le  u s e d  c o u ld  n o t  y e t  c lear ly  b e  d i s c e r n e d ,  a s  t h e  p r o t o t y p e  a n a l y s e d  w a s  n o t  f in i sh ed  
a t  t h a t  t im e .  H o w e v e r  s e q u e n c i n g ,  n o s t a l g i c  s ty l ing ,  a n d  a  sp ec ia l  f o c u s  t o  m a te r i a l i ty  c o u ld  a l r e a d y  b e  d i s c e r n e d  a s  i m p o r t a n t  
d e s i g n  t h e m e s .
S o lu t io n s  p r o p o s e d :  A f inal  s o l u t i o n  h a s  n o t  y e t  b e e n  p r o p o s e d  a n d  t h u s  c a n  n o t  y e t  b e  a n a ly s e d .
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Coordination
Tools  & M e t h o d s :  Up t o  th i s  s t a g e  o f  t h e  d e v e l o p m e n t ,  t h e  m a j o r  t o o l s  h a v e  b e e n  sc isso rs ,  c u t t e r s ,  a n d  g lu e  s t icks .  To a  sm al l  
p a r t  c o m p u t e r s  a n d  p r i n t e r s  h a v e  a l s o  b e e n  u s e d  in p r e p a r i n g  t h e  A 3 - p a p e r s  w i t h  t h e  b o o k s  l a y o u t  a n d  t h e  s c a l e d  p ic tu re s .  
S t r u c t u r e / P r o c e s s :  The p r o c e s s  a n d  s t r u c t u r e  o f  t h e  w o r k  f l o w  w a s  d iv id e d  i n to  a  c l ien t  b r ie f in g ,  a n  i n s p i r a t io n a l  p h a s e ,  a  f i rs t  
d i s c u s s i o n  o f  t h e  in s p i r a t i o n s  a n d  f i rs t  d r a f t s ,  t h e  d e v e l o p m e n t  o f  a  f i rs t  p a p e r - p r o t o t y p e ,  a  d i s c u s s i o n  o f  t h e  p r o t o t y p e  w i th  t h e  
c l ien t ,  a n d  a n  o n g o i n g  c o n t a c t  w i th  t h e  c l ien t  r e g a r d i n g  a d d i t i o n a l  in s p i r a t i o n s  o r  v isua l  g u i d e s .
T ea m :  T he  t e a m  c o n s i s t s  o f  t h e  t w o  d e s i g n e r s ,  t h e  t e c h n i c i a n "  a n d  t h e  „ j o k e r " .  A t  d i f f e r e n t  p o i n t s  c o l l a b o r a t i o n  is s e e k e d  w i th  
t h e  c l ien t .  Also, t h e  d e s i g n e r s  a n t i c i p a t e d  t o  w o r k  c lose ly  t o g e t h e r  w i t h  t h e  b o o k b i n d e r  a n d  t h e  p r i n t e r s  in a  m o r e  a d v a n c e d  s t e p  
o f  t h e  d e s i g n  p ro c e s s .
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Appendix H -  field observations 
Stimmt AG
333 A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
A n a l y s i s « S t i mmt  AG»
In troduct ion
S t i m m t  A G  is a c u s t o m e r  e x p e r i e n c e  c o n s u l t a n c y  b a s e d  in Zur ich ,  S w i t z e r l a n d .  C u rren t ly ,  1 4  c o n s u l t a n t s  a n d  p a r t n e r s  a r e  in its  
e m p l o y .  H is to r i c a l ly ,  t h e  m a i n  f o c u s  o f  t h e  c o m p a n y ' s  a c t i v i t i e s  l a y s  o n  w e b - b a s e d  u s e r  e x p e r i e n c e s ,  m o s t  i m p o r t a n t l y  p r o t o t y p e  
t e s t i n g  a n d  o p t i m i s i n g .  To s t r e n g t h e n  a n d  e n h a n c e  i ts  c o r e  c o m p e t e n c i e s  a s  w e l l  a s  t o  a d d r e s s  a r e c e n t  s h i f t  in c l i e n t s '  n e e d s ,  t h e  
c o n s u l t a n c y  a i m s  a t  d e v e l o p i n g  a n d  i m p l e m e n t i n g  a c r e a t i v e  m e t h o d s  t o o l k i t .  In t h i s  c o n t e x t ,  S t i m m t  a g r e e d  t o  t a k e  p a r t  in a s t u d y  
a c c o m p a n i e d  by  t h e  a u t h o r  o f  t h i s  r e p o r t .  T h e  s t u d y  is i n v e s t i g a t i n g  t h e  a p p l i c a t i o n  o f  d e s i g n - d r i v e n  d e v e l o p m e n t  m e t h o d s  w i t h i n  
c o m p a n i e s .
T h e  f o l l o w i n g  n o t a t i o n s  r e p r e s e n t  t h e  d a t a  f r o m  t w o  i n t e r v i e w s  w i t h  M a r c  B l u m e  a n d  J o h a n n a  Elster,  b o t h  s e n i o r  c o n s u l t a n t s .  B l u m e  
h a s  a  b a c k g r o u n d  in p s y c h o l o g y  a n d  is r e s p o n s i b l e  f o r  d e v e l o p i n g ,  a g g r e g a t i n g ,  a n d  i m p l e m e n t i n g  t h e  t o o l s  a n d  m e t h o d s  n e e d e d  by  
S t i m m t ' s  c o n s u l t a n t s  in t h e i r  w o r k  r o u t i n e .  E l s t er  h a s  a b a c k g r o u n d  in m e d i a  s t u d i e s  a n d  s e r v e s  a t  S t i m m t  a s  a t e l e c o m m u n i c a t i o n  
s p e c i a l i s t  in t h e  i n t e r s e c t i o n  b e t w e e n  u s e r  r e q u i r e m e n t s ,  m a n a g e m e n t  a n d  t e c h n o l o g y .  T h e  o b j e c t i v e  w a s  t o  g a i n  a n  o v e r v i e w  o f  t h e  
c u r r e n t l y  e m p l o y e d  t o o l s  a n d  m e t h o d s  w i t h  a s p e c i a l  f o c u s  o n  t h e  c r e a t i o n - r e l a t e d  p r o c e s s  p h a s e .  In a d d i t i o n ,  d i f f e r e n t  d i m e n s i o n s  
d e r i v e d  f r o m  a p r e v i o u s l y  d e f i n e d  p r o t o t y p i n g - c e n t r e d  m o d e l  o f  d e s i g n - d r i v e n  i n n o v a t i o n  w e r e  b e i n g  e x p l o r e d  ( s e e  a p p e n d i x ) .
Process
S t i m m t ' s  c o r e  r o u t i n e  is a t w o f o l d  p r o c e s s .  S p l i t t i n g  f r o m  a d e f i n e d  t a r g e t  o u t c o m e ,  t h e  p r o c e s s  e i t h e r  p r o c e e d s  t o  a s t r a t e g y  d e v e ­
l o p m e n t  o r  a  c o n c e p t  d e v e l o p m e n t  s e c t i o n .  W i t h i n  t h e s e  t w o  d i s t i n c t i o n s ,  t h e  in d i v i d u a l  s t e p s  a r e  v e r y  s im i l ia r .  T h e  s t r a t e g y  r o u t e  
f o l l o w s  t h e  s t e p s  , S e t  u p ' ,  . U n d e r s t a n d ' ,  . C r e a t e ' ,  . V a l i d a t e  & A s s e s s ' , , F o c u s ' ,  a n d  .T ran s fer ' .  T h e  c o n c e p t  p r o c e s s  p r o c e e d s  t h r o u g h  
t h e  s t a g e s  , S e t  u p ' ,  . U n d e r s t a n d ' ,  , F o c u s ' ,  . C r e a t e ' ,  .V eri fy ' ,  a n d  .T ra n s fer ' .  A d d r e s s i n g  in d i v i d u a l  c l i e n t s '  n e e d s ,  t h e  c o n c e p t  p h a s e  
m i g h t  o r  m i g h t  n o t  b e  p r e c e e d e d  by a s t r a t e g y  p h a s e .  A t  t h e  e n d  o f  t h e  t w o  s e q u e n c e s ,  t w o  a d d i t i o n a l  s t e p s  a r e  b e i n g  c o n d u c t e d :  
d e l i v e r y  a n d  d e b r i e f i n g .
T a r g e t
m
S e t  u p  S e t  u p
U n d e r s t a n d  U n d e r s t a n d
C r e a t e  F o c u s
V a l i d a t e  & A s s e s s  C r e a t e
F o c u s  Verify
*  T r a n s fe r  T r a n s fe r
(delegate to  .Concept': Yes. No.)
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S e t  up:
U n d e r s t a n d :
Focus:
C r e a t e / i d e a t e /
p ro t o t y p e :
Verify:
Transfer:
In th i s  f i rs t  s t e p  o f  t h e  p r o c e s s ,  t h e  c o n s u l t a n t s  d e f i n e  t o g e t h e r  w i t h  t h e i r  c l ien t  t h e  m u t u a l  e x p e c t a t i o n s  
r e g a r d i n g  t h e  p r o c e e d i n g ,  t h e  c o l l a b o r a t i o n  a n d  t h e  o u t c o m e .
The a im  o f  t h e  . U n d e r s t a n d '  p h a s e  is t o  iden t i fy  a n d  g r a s p  t h e  m o s t  c ruc ia l  p r o b l e m .  This m i g h t  involve  
t o  p r io r i t i se  o r  f i l ter  o u t  d i f f e r e n t  k in d s  o f  p r o b le m s .
D ur ing  th i s  s t e p ,  t h e  t e a m  d e f i n e s  a n d  p r io r i t i se s  t h e  c ri t ie r ia  f o r  t h e  idea l  s o l u t i o n  t o  t h e  p r o b le m  ide n t i f i e d  in 
t h e  p r e v io u s  p r o c e s s  p h a s e .  In t h e  s t r a t e g y  d e v e l o p m e n t  p h a s e  t h e  s t r a t e g i c  o p t i o n s  a r e  b e i n g  e v a l u a t e d .  In 
t h e  c o n c e p t  d e v e l o p m e n t  p h a s e  t h e  m o s t  crucia l  p r o b l e m  a r e a s  w i t h  t h e  b i g g e s t  l e v e r a g e  a r e  b e in g  d e f i n e d .
The t e a m  t h e n  e x p l o re s  d i f f e r e n t  ide a s .  The  g a t h e r e d  so l u t i o n  a p p r o a c h e s  a r e  b e in g  e v a l u a t e d .  O u t  o f  th e s e ,  a 
s e l e c t e d  f e w  a r e  b e in g  p r o t o t y p e d .
The  p r o t o t y p e s  bu i l t  in t h e  . C r e a t e '  s t e p  a r e  t h e n  b e in g  t e s t e d  a n d  s e l e c t e d  in th is  p h a s e  o f  t h e  p roc e ss .  
Finally, t h e  ve r i f ied  s o l u t i o n  is b e i n g  i m p l e m e n t e d  a t  t h e  c l i e n t ' s  bu s in e s s .
By g a i n i n g  n e w  ins igh ts ,  e a c h  o f  t h e s e  s t e p s  m i g h t  m a k e  it n e c e s s a r y  t o  revis i t  a  p r e v io u s  s t e p .  In fac t ,  in m o s t  p ro je c t s  t h e s e  s t e p s  
a re ,  a c c o r d i n g  to  Blume, b e i n g  u s e d  in a n  i t e ra t iv e  m a n n e r .  E ls te r  r o u g h ly  s t r u c t u r e s  t h e s e  p r o c e s s  s t e p s  i n t o  t h r e e  d i s t in c t  p h a s e s :  
a )  p r o b l e m  de f in i t io n ,  b) c r e a t i o n ,  a n d  c) t e s t i n g / v e r i f i c a t i o n .
Tools & methods
S t i m m t  is u s in g  a  va r i e ty  o f  d i f f e r e n t  t o o l s  a n d  m e t h o d s  w h i l e  p r o c e e d i n g  t h r o u g h t  t h e  ind iv id ua l  s t e p s  o f  t h e  s o l u t i o n  p ro c e s s .  M o s t  
o f t e n  t h e y  a re  u s ing  o n e  o r  m o r e  o f  t h e  f o l low in g :
U n d e r s t a n d :
Focus:
- I n te rv iew s
- O b s e r v a t i o n s
- P e r s o n a s
- C o n t e x t u a l  Inquiry
- R e q u i r e m e n t s  a n a ly s i s
- C u s t o m e r  jo u r n e y
- C o n c e p t  o f  u s e
- U se r  S tor ies
- U se r  F lows
C re a te :
Ide a t io n :
Tes t ing:
- B r a in s to rm in g
- B o d y s to r m in g
- Ro lep lay
- I n f o rm a n c e  ( c o m b i n a t i o n  o f  i n f o r m a t io n  
a n d  p e r f o r m a n c e )
- E x p e r i en c e  m a t r ix
- Idea  w a l l
- P a p e r  P r o t o t y p e s  (B a lsam iq )
As B lu m e  p o i n t s  ou t ,  t h e s e  i t e m s  r e p r e s e n t  t o o l s  a n d  m e t h o d s  w i th  d i f f e r e n t  d e p t h s  o f  a r t i c u la t io n .  S o m e  o f  t h e m  a r e  b e in g  u s e d  
o n ly  o n  a  su pe r f ic ia l  level,  w h i l e  o t h e r s  m i g h t  be  m o r e  e l a b o r a t e d  in t h e i r  a p p l i c a t i o n .  As a n e w  m e t h o d o l o g i c a l  a p p r o a c h ,  d e s ig n  
t h i n k i n g  h a s  b e e n  i n t r o d u c e d  d u r i n g  a  w o r k s h o p  in S e p t e m b e r  2 0 1 0 .  W h i le  t h e  c o n s u l t a n c y  likes to  u s e  th i s  m e t h o d  m o re  widely ,  it 
is, u p  t o  th i s  d a t e ,  still b e in g  u s e d  r a t h e r  in c o n s is te n t ly .
E lste r  a n n o t a t e s  t h a t ,  w h i l e  in r e c e n t  y e a r s  G a r r e t t ' s  m o d e l  o f  five e l e m e n t s  o f  t h e  u s e r  e x p e r i e n c e  w a s  p r e d o m i n a t l y  u s e d  a s  t h e o ­
re t ica l  f r a m e w o r k ,  th i s  a p p r o a c h  is m o r e  a n d  m o r e  t a k i n g  a b a c k  s e a t .  This is m a in ly  b e c a u s e  S t i m m t ' s  p r o j e c t s  m a y  b e  b e s t  c a t e g o ­
r ized  a s  s t r a t e g y  o r  c o n c e p t / c r e a t e  p ro jec ts ,  a  d i s t in c t io n  w h ic h  s o m e w h a t  c o l l id es  w i th  G a r r e t t ' s  a p p r o a c h .  A c c o rd in g  t o  Elster, t h e  
g e r m a n  ISO 1 3 4 0 7  „ B e n u t z e r - o r i e n t i e r t e  G e s t a l t u n g  in te r a k t iv e r  S y s t e m e "  n o rm  h a s  b e c o m e  in c r e a s in g ly  i m p o r t a n t .  As o f  J a n u a r y  
2 0 1 1 ,  th i s  s t a n d a r d  h a s  b e e n  s u b s t i t u t e d  by t h e  in t e r n a t i a l  n o rm  ISO 9 2 4 1  . .E rg o n o m ics  o f  H u m a n  S y s tem  I n t e ra c t i o n " .
Create/ideate/prototype
In t h e i r  c r e a t i o n - o r i e n t e d  p r o c e s s  p h a s e ,  S t i m m t  is u s ing  d i f f e r e n t  a p p r o a c h e s  a n d  m e t h o d s .  O n e  w id e ly  u s e d  m e t h o d  is t h e  f o r m u ­
l a t io n  o f  a  p r o b le m -s p e c i f i c  c u s t o m e r  jo u rn e y ,  w h i c h  d e f i n e s  t h e  se rvices ,  t h e  in te r a c t io n s ,  a n d  t h e  t o u c h p o i n t  d e s i g n .  As E ls te r  c o m ­
m e n t s ,  t h e  c o n s u l t a n t s  spec i f ica l ly  loo k  f o r  s o -c a l l e d  p a i n - p o i n t s  a n d  d e l i g h t e r s  w i t h i n  t h e  e x p e r i e n c e .  A n o t h e r  m e t h o d  is r e f e r r e d  to  
a s  t a r g e t  e x p e r i e n c e ,  w h i c h  d e f i n e s  a s  a n  ide a l  e x p e r i e n c e  t h e  v a l e n c e  c r i te r ia  t h a t  d e n o t e  t h e  b a s a l  e m o t i o n s  t h e  d e s i g n  s o l u t i o n  
a i m s  t o  t r igge r .  In u s e r  in t e r f a c e  d e s i g n ,  p a p e r  p r o t o t y p e s  a r e  b e in g  c o m m o n l y  u s e d  a s  a  qu ick  a n d  f a s t  m e a n s  o f  f e e d b a c k  g e n e r a ­
t io n .  As B lu m e  p o in t s  o u t ,  e v e n  t h e s e  s i m p l e  p r o t o t y p e s  m a y  p ro v id e  v a l u e a b l e  d a t a  a n d  in s ig h t s  t o  t h e  c o n s u l t a n t s .  R o lep lay  h a s
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a l s o  b e e n  u s e d  in a  f e w  c a s e s .  A c c o r d i n g  t o  B l u m e ,  t h e s e  s t u d i e s ,  a l t h o u g h  s o m e w h a t  l i m i t e d  in t h e i r  d e s i g n  a n d  v a l i d i t y  ( b e c a u s e  
o f  t h e  a r t i f i c a l  r e s e a r c h  s e t t i n g ) ,  t h e y  a l s o  g i v e  i m p o r t a n t  i n f o r m a t i o n  a b o u t  t h e  u s e r ' s  p e r c e p t i o n .
E l s ter  p o i n t s  o u t  t h a t  t h e  c h a n g e  f r o m  t h e  u n d e r s t a n d  p r o c e s s  p h a s e  t o  t h e  c r e a t e  p h a s e  is a  r a t h e r  d i r e c t ,  a n d  a t  t i m e s ,  f a s t  o n e .  
A s  c o n c l u d e d  in C r o s s  ( 2 0 0 4 )  t h i s  c o r r e l a t e s  w i t h  t h e  o b s e r v a t i o n  t h a t  o v e r - c o n c e n t r a t i o n  o n  p r o b l e m  d e f i n i t i o n  d o e s  n o t  l e a d  t o  
s u c c e s s f u l  d e s i g n  o u t c o m e s .  A s  B l u m e ,  E l s t er  e m p h a s i z e s  t h e  ro le  o f  p a p e r  p r o t o t y p i n g ,  e s p e c i a l l y  u s i n g  t h e  m o c k - u p  s o f t w a r e  B a l ­
s a m i q .  S h e  o b s e r v e s  t h a t  p e o p l e  a r e  c a p a b l e  o f  e x t r e m e  a b s t r a c t i o n  w h e n  s e t  in c o n t e x t .  W h e n  p r o t o t y p i n g  e x p e r i e n c e s  i n v o l v i n g  
d i f f e r e n t  t o u c h p o i n t s ,  S t i m m t  h a s  p r o d u c e d  d i f f e r e n t  p h y s i c a l  m o c k - u p s  in t h e  p a s t .  In o n e  i n s t a n c e ,  t h e  c o n s u l t a n t s  b u i l t  a  s h o p  o u t  
o f  c a r d b o a r d  t o  g i v e  t h e  p r o b a n d  a p h y s i c a l  c o n t e x t  in w h i c h  t h e  e x p e r i e n c e  w o u l d  t a k e  p l a c e .  This  s o m e w h a t  e c h o e s  B r o d e r s e n  e t  
a l . ' s  ( 2 0 0 7 )  s u g g e s t i o n  o f  s t a g i n g  i m a g i n a t i v e  p l a c e s  t o  h e l p  u n l o c k  t h e  c r e a t i v i t y  w h i l e  c o l l a b o r a t i v e  p r o t o t y p i n g .  A s  E l s t e r  h i g h ­
l i g h t s ,  t h i s  e x p e r i e n c e  w a s  v e r y  p o s i t i v e l y  p e r c e i v e d  by  t h e  t e s t  p r o b a n d s .
A n o t h e r  t o o l  u s e d  b y  S t i m m t ' s  c o n s u l t a n t s  a r e  u s e r  s t o r i e s ,  T h e s e  a r e  d i s t i n c t  f r o m  c u s t o m e r  j o u r n e y s  in t h e  s e n s e  t h a t  t h e y  f o c u s  
o n  in d i v i d u a l  i n s t a n c e s  ( l ike  t h e  n e e d  o f  a f r e n c h  s p e a k i n g  p e r s o n  t o  h a v e  a f r e n c h  v e r s i o n  o f  a w e b s i t e ) ,  r a t h e r  t h a n  o n  m u l t i p l e  
t o u c h p o i n t s .
A s  m e n t i o n e d  a b o v e ,  d e s i g n  t h i n k i n g  is c u r r e n t l y  c o n s i d e r e d  a s  t h e  i d e a l  d e v e l o p m e n t  a p p r o a c h .  In S e p t e m b e r  2 0 1 0 ,  t h e  e m p l o y e e s  
r e c e i v e d  a w o r k s h o p  t r a i n i n g  a t  a n  o f f - s i t e  r e t r e a t ,  T h e  c o n t e n t s  t a u g h t  h a v e  b e e n  r e c o r d e d  o n  t h e  f l ip  c h a r t  b e l o w :
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The currently applied design th in k in g  approach as depicted a t the methods w orkshop in September 2010
T h e  c h a r t  s h o w s  t h e  d e s i g n  t h i n k i n g  m o d e l  p r o p o s e d  by  a n  i n s t i t u t  a t  t h e  HSG U n i v e r s i t y  o f  S t . G a l l  w h i c h  c o l l a b o r a t e s  w i t h  
S t a n f o r d ' s  d . s c h o o l .  It d e n o t e s  a b a s i c  i t e r a t i v e  p r o c e s s  r o u t i n e  c o m p o s e d  o f  t h e  i n d i v i d u a l  s t e p s  , ( r e - ) d e f i n e ' ,  . u n d e r s t a n d ' ,  . i d e a ­
t e ' ,  , b u i ld ' ,  a n d  , l e a r n ' .  This  r o u t i n e  is l o c a t e d  w i t h i n  a m o r e  g e n e r a l  p r o c e s s ,  t h a t  c o m b i n e s  t h e  t w o  d i r e c t i o n s  o f  d i v e r g e n c e  a n d  
c o n v e r g e n c e .  T h e  p r o c e s s  is s u p p o r t e d  by  t h e  m e t h o d s  . f r a m e  & r e f r a m e ' ,  . p o i n t  o f  v i e w ' ,  . s t r e t c h  g o a l s ' ,  a n d  . f iv e  w h y ' .  T h e  m o d e l  
s i n g l e s  o u t  t h e  p r o t o t y p i n g  a s  a s u p p o r t i n g  ac t iv i ty ,  w i t h  in d i v i d u a l  m a n i f e s t a t i o n s ,  s u c h  a s  r o l e p l a y ,  m o c k - u p s ,  s t o r y b o a r d s ,  c u s t o ­
m e r  j o u r n e y s ,  a n d  v i d e o s .  T h e s e  a r e  g o v e r n e d  by t w o  g e n e r a l  f e e d b a c k  ru le s :  ,l l ike  - 1 w i s h '  a n d  , Yes,  a n d . . . ' .  T h e s e  a i m  a t  g i v i n g  
g e n e r a l l y  p o s i t i v e  a n d  e n c o u r a g i n g  f e e d b a c k .
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It is n o t a b l e ,  t h a t  t h i s  m o d e l  d o e s  n o t  m a k e  a n y  s u g g e s t i o n s  r e g a r d i n g  t h e  d e v e l o p m e n t  e n v i r o n m e n t  a n d  m e t h o d - s p e c i f c  p r o p e r t i e s .  
A c c o r d i n g  t o  Y o u m a n s  ( 2 0 1 0 )  f i n d i n g s ,  t h e s e  m i g h t ,  e s p e c i a l l y  r e g a r d i n g  t h e  p r o t o t y p i n g  d e v e l o p m e n t ,  p la y  a c r u c ia l  r o le  in t h e  
i n d i v i d u a l  g r o u p ' s  p e r f o r m a n c e .  A l s o ,  it d o e s  n o t  r e f e r  t o  k in d  o f  e x p e r t i s e  t h a t  s h o u l d  b e  r e p r e s e n t e d  w i t h i n  t h e  t e a m ,  n o r  t o  t h e  
t e a m  w o r k  i t sel f .  H o w e v e r ,  t h e s e  e l e m e n t s  m i g h t  b e  c o v e r e d  in a n o t h e r  r e s o u r c e  n o t  i d e n t i f i e d  in t h e s e  t w o  i n t e r v i e w s .
Location /w ork  environment
S t i m m t ' s  o f f i c e s  a r e  l o c a t e d  in Z u r ic h ' s  f a s h i o n a b l e  S e e f e l d  b o r o u g h .  T h e y  o c c u p y  t w o  s t o r e y s ,  a f i r s t  f l o o r  a n d  a b a s e m e n t .  T h e  
i n d i v i d u a l  r o o m s  a r e  b r i g h t  a n d  d e c o r a t e d  s p a r s e l y  b u t  t h o u g h t f u l l y .  E n t e r i n g  t h e  p r e m i s e s ,  o n e  p a s s e s  a c l o a k  r o o m  b e f o r e  s t a n d i n g  
in t h e  m i d s t  o f  a l a r g e  o f f i c e  w i t h  d i f f e r e n t  d e s k s  ( i m a g e  1). T h r o u g h o u t  t h e  e n t i r e  o f f c e ,  n o  in d i v i d u a l  d e s k s  e x i s t .  R e c e n t l y ,  S t i m m t  
i n t r o d u c e d  t h e  m o b i l e  w o r k i n g  p l a c e ,  g i v i n g  e v e r y  e m p l o y e e  a  p e r s o n a l  l o c k e r  b u t  n o  i n d i v i d u a l  d e s k  ( i m a g e  2 ) .  T h e r e  are ,  h o w e v e r ,  
d i f f e r e n t  z o n e s  a n d  o f f i c e s  f o r  d i f f e r e n t  k i n d s  o f  w o r k .  In t h e  b a c k  o f  t h e  s p a c e ,  s m a l l e r  o f f i c e  r o o m s  a r e  l o c a t e d ,  s e r v i n g  fo r  m o r e  
n o i s y  t a s k s ,  s u c h  a s  t e l e p h o n e  c a l l s  a n d  c o n f e r e n c e s  w i t h  c l i e n t s .  A d j o i n g  t h e  l a r g e  o f f i c e  s p a c e ,  a l ibrary w i t h  t h r e e  d e s k s  p r o v i d e s  
a m o r e  s i l e n t  e n v i r o n m e n t  ( i m a g e  3 ) .  A  s m a l l  c o n f e r e n c e  r o o m  o c c a s i o n a l l y  u s e d  t o  s e r v e  a s  a p r o j e c t  r o o m  ( i m a g e  4 )  u nt i l  r e c en t l y .  
H o w e v e r ,  a s  B l u m e  e x p l a i n s ,  t h i s  r o o m  is n o w  m o r e  o f t e n  r e s e r v e d  f o r  i n d i v i d u a l  m e e t i n g s .  In t h e  b a s e m e n t ,  a c o s y  l o u n g e  is s e r v i n g  
a s  a m e e t i n g  s p a c e  a s  w e l l  ( i m a g e  5) .  A l s o  l o c a t e d  in t h e  b a s e m e n t  a r e  a  l a r g e  c o n f e r e n c e  r o o m  a n d  a s p a c i o u s  a r e a  w i t h  a f r id g e ,  
a  c o f f e e  m a c h i n e  a n d  a l a r g e  t a b l e  ( i m a g e  6 ) .
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All t h e  m e e t i n g  r o o m s  a r e  e q u i p p e d  w i t h  d i f f e r e n t  m a t e r i a l s  s u c h  a s  f e l t  p e n s ,  f l ip  c h a r t s ,  p o s t - i t  n o t e s ,  e t c  ( 7 ) .  It is r a t h e r  n o t i c e a b l e  
t h a t  t h r o u g h o u t  t h e  o f f i c e s  f l ip  c h a r t s  d o  s e e m  t o  p la y  a n  i m p o r t a n t  ro le .  In e v e r y  r o o m ,  a  f l ip  c h a r t  is a v a i l a b l e .  In a d d i t i o n ,  m a n y  
u s e d  s h e e t s  a r e  p o s t e d  t o  t h e  w a l l s  ( i m a g e  8 ) .  This  c i r c u m s t a n c e  m i g h t  p o i n t  t o  t h e  c o n c l u s i o n  t h a t  i n s i g h t s  a n d  d e c i s i o n s  a r e  o f t e n  
g a i n e d  in f o r m a l  c o n v e r s a t i o n s .  A l s o ,  t h e y  m i g h t  p o i n t  t o  t h e  u s e  o f  f l ip  c h a r t s  a s  a  s o r t  o f  s h a r e d  e x t e r n a l  m e m o r y ,  s u c h  a s  in V a n  
d e r  L u g t ' s  ( 2 0 0 5 )  d e f i n i t i o n  o f  t h e  . s t o r i n g  s k e t c h e s ' ,  a s  w e l l  a s  F e r g u s o n ' s  ( 1 9 9 2 )  . t a l k i n g  s k e t c h e s '  r e s p e c t i v e l y .  A l s o ,  p o s t - i t  n o t e s  
a r e  w i d e l y ,  if n o t  e x c e s s i v e l y ,  u s e d  ( i m a g e  9 ) .
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T h e  w h o l e  p l a c e  is s p a r s e l y  d e c o r a t e d .  H o w e v e r ,  a s  B l u m e  p o i n t s  o u t ,  t h e  c o m p a n y  is m a k i n g  a d e l i b e r a t e  e f f o r t  t o  g i v e  it a w e l ­
c o m i n g ,  c o s y ,  a n d  in s p i r i n g  a t m o s p h e r e .  S o m e  p la y fu l  d e t a i l s  a r e  a d d e d  t o  t h e  r o o m s  ( i m a g e s  1 0  - 1 4 ) .  B l u m e  m e n t i o n s  t h a t  t h o s e  
e l e m e n t s  m o s t l y  e m e r g e  in o n e  w a y  or  a n o t h e r  d u r i n g  i n d i v i d u a l  p r o j e c t s ,  a n d  a r e  b e i n g  l e f t  b e h i n d  a s  a s o r t  o f  r e m e m b r a n c e .  A s  
m o s t  o f  t h e  e m p l o y e e s  a n d  f o u n d i n g  p a r t n e r s  h a v e  a  r a t h e r  a n a l y t i c a l  m i n d s e t ,  t h e  o v e r a l l  a p p e a r a n c e  o f  t h e  o f f i c e  is f r i e n d l y  b u t  
s o b e r .  A c c o r d i n g  t o  B l u m e ,  t h e s e  e l e m e n t s  r e p r e s e n t  a n  e f f o r t  t o  b r in g  in a s o m e w h a t  p la y fu l  n o t e  t o  t h e  s p a c e .
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Standards, values, and rituals
A s  p r e v i o u s l y  m e n t i o n e d ,  B l u m e  d e s c r i b e s  t h e  c o m p a n y ' s  p r e v a i l i n g  m i n d s e t  a s  a n a l y t i c a l ,  l o g i c - d r i v e n ,  a n d  f a c t u a l .  T h e  s e l f - p e r c e p ­
t i o n  is c h a r a c t e r i s e d  b y  t h e  c o n c e p t i o n  o f  s m a r t  p r o b l e m  s o l v e r s ,  r a t h e r  t h a n  c r e a t i v e  i d e a  g e n e r a t o r s .  T h e ir  a n a l y t i c a l  a p p r o a c h  is 
v e r y  s t r u c t u r e d .  S o m e  c l i e n t s  e v e n  r e m a r k e d  t h a t  t h e y  w o u l d  b e  p r o c e e d i n g  t o o  s t r u c t u r e d ,  B l u m e  n o t e d .  H o w e v e r ,  t h e y  a p p r e c i a t e  
t h e  n e e d  f o r  o p e n ,  c r e a t i v e  s p a c e s  w i t h i n  t h e  w o r k  r o u t i n e .  E l s t er  p o i n t s  o u t  t h a t  t h e i r  o p e n e s s  m i g h t ,  a t  t i m e s ,  a l s o  b e  e x p r e s s e d  
in t h e i r  n o t i o n  n o t  t o  y i e l d  t o  a  c l i e n t ' s  o p i n i o n  w h e n  t h e y  a r e  c o n v i n c e d  o t h e r w i s e .  This  r e f l e c t s  t h e i r  a i m  o f  b e i n g  a n d  w o r k i n g  o n  
a p a r  w i t h  t h e  c l i e n t s  a n d  t o  a l w a y s  b e  h o n e s t .  M o s t  o f  t h e  t i m e s ,  E l s ter  n o t e s ,  S t i m m t  is s e e k e d  -  a p a r t  f r o m  t h e i r  e x p e r t i s e  -  a l s o  
b e c a u s e  o f  t h i s  trait .
T h e ir  i n t e r a c t i o n s  a m o n g s t  e a c h  o t h e r  is r e s p e c t f u l ,  a s  B l u m e  e m p h a s i s e s .  T h e  i n d i v i d u a l  c o - w o r k e r s  a r e  n o t  b e i n g  to rn  o u t  o f  t h e i r  
w a y  t o  d o  s o m e  o t h e r  t a s k .  M u c h  rather,  t h e y  a r e  b e i n g  a s k e d  f o r  a la t e r  a p p o i n t m e n t .  N o t a b l e  is t h e  n o t i o n  o f  t h e  f o u n d i n g  p a r t n e r s  
t o  d e l i b e r a t e l y  d i m i n i s h  p e r c e i v e d  d i f f e r e n c e s  b e t w e e n  t h e m  a n d  t h e i r  e m p l o y e e s ,  T h e  f a c t  t h a t  t h e  p a r t n e r s  s h a r e  t h e  s a m e  m o b i l e  
d e s k  p o l i c y  w i t h  t h e  o t h e r s ,  t h u s  r e l i n q u i s h  t h e i r  r ig h t  t o  a n  i n d i v i d u a l  o f f i c e ,  m i g h t  i l l u s t r a t e  t h e i r  a i m .  E l s t er  h i g h l i g h t s  S t i m m t ' s  
e l a b o r a t e  r e c r u i t i n g  p r o c e s s .  A p a r t  f r o m  t h e  r e g u l a r  f o r m a l i t i e s  o f  s u c h  p r o c e s s e s ,  t h e  c a n d i d a t e s  m u s t  g i v e  a  p r e s e n t a t i o n  a n d  a r e  
i n t e r v i e w e d  b y  e v e r y  m e m b e r  o f  t h e  f irm. Th i s  w a y ,  t h e  c o n s u l t a n c y  t r i e s  t o  m a k e  s u r e  t h a t  t h e  e q u i l i b r i u m  a n d  t h e  t e a m  sp ir i t  o f  
t h e  g r o u p  w i l l  n o t  su f fer .
A s  a r i t u a l i s t i c  e v e n t  m i g h t  b e  d e n o t e d  t h e  s h a r e d  l u n c h ,  w h i c h  is t a k e n  by  all c o - w o r k e r s  a t  t h e  l a r g e  t a b l e  in t h e  b a s e m e n t .  A l t ­
h o u g h  it is n o t  m a n d a t o r y ,  e v e r y b o d y  t a k e s  p a r t  in t h i s  ac t iv i ty .  O f t e n ,  s o m e o n e  b r i n g s  w i t h  t h e m  s o m e  s o r t  o f  s w e e t s  fo r  t h e  o t h e r s ,  
w h i c h  t h e y  s h a r e  d u r i n g  a s h o r t  b r e a k .  A s  a n o t h e r  e l e m e n t  o f  S t i m m t ' s  c u l t u r e ,  t h e i r  s p e c i f i c  p la y fu l  b u t  p r o f e s s i o n a l  a p p r o a c h  
m i g h t  b e  m e n t i o n e d ,  a s  E l s t er  p r o p o s e s .  W h i l e  t h e  c o n s u l t a n t s  m a i n t a i n  a p r o f e s s i o n a l  a t t i t u d e  a n d  w o r k  e t h i c  a t  all t i m e s ,  fu n  a n d  
e n j o y m e n t  is n o t  e x c l u d e d  f r o m  t h e i r  r o u t i n e  b u t  f o s t e r e d .
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Collaboration & team  work
Mostly,  t h e  ind iv id ua l  p r o j e c t  t e a m s  a r e  b e in g  a s s e m b l e d  a c c o r d i n g  t o  t h r e e  c r i te r ia :  f u n c t i o n a l  a p t i t u d e  t o  t h e  r e l a t e d  t a s k ,  p r o f e s s i ­
o n a l  e x p e r i e n c e  in t h e  a p p r o p r i a t e  field,  a n d  t e m p o r a l  d i s p o sab i l i ty .  In t h e i r  r e c r u i t m e n t ,  t h e  p a r t n e r s  o r ig in a l ly  l o o k e d  f o r  p o ly v a le n t  
c o - w o rk e r s ,  b e i n g  a b l e  t o  t a k e  o n  a  v a r i e ty  o f  d i f f e r e n t  t a sk s .  In r e c e n t  t i m e s  ho w ev er ,  t h e y  h a v e  m o r e  a n d  m o r e  b e e n  lo o k in g  fo r  
sp ec ia l i s t s .  N e w  e m p l o y e e s  a r e  b e i n g  t a u g h t  sp ec i f ic  c o n s u l t i n g  a n d  p r o c e d u r e / p r o c e s s  m a n a g e m e n t  skills w h e n  s t a r t i n g  t o  w o r k  a t  
S t im m t .  The  c o m p a n y  e m p l o y s  a  s o r t  o f  m e n t o r i n g  o r  m a s t e r / a p p r e n t i c e  m o d e l ,  p u t t i n g  t o g e t h e r  s e n i o r  a n d  j u n i o r  c o n s u l t a n t s .  The 
t e a m s  va ry  in t h e i r  s izes .  M o s t  o f t e n ,  a  s in g le  c o n s u l t a n t  o r  t w o  c o n s u l t a n t s  a r e  w o r k i n g  o n  a sp ec i f ic  p ro je c t .  Less o f t e n ,  t h r e e  to  
f o u r  c o n s u l t a n t  a r e  w o r k i n g  t o g e t h e r  o n  a  s in g le  p r o j e c t  d u r i n g  t h e  w h o l e  t im e .  S o m e  crucia l  s u c c e s s  f a c t o r s  o f  c o l l a b o r a t i v e  p r o t o ­
typ ing ,  a s  p r o p o s e d  by Y e o m a n s  e t  al. ( 2 0 0 5 ) ,  c o u ld  b e  id e n t i f i e d  in t h e  c u r r e n t  s t r u c tu r e :  s e l e c t i o n  by v a lu e ,  l o n g - t e r m  r e la t io n sh ip s ,  
d e v e l o p m e n t  o f  c o m m o n  p r o c e s s e s  a n d  too ls ,  a s  w e l l  a s  t o  a  c e r t a i n  d e g r e e  s u p p o r t i n g  c o l l a b o ra t i v e  a r r a n g e m e n t s .
The  w o r k  is m o s t ly  b e in g  a c c o m p l i s h e d  in w o r k s h o p  m e e t i n g s .  E ls te r  p o i n t s  o u t  t h a t ,  w h i l e  S t i m m t ' s  c o n s u l t a n t s  b r in g  in t h e i r  
e x p e r t i s e  in c u s t o m e r  e x p e r i e n c e  d e s i g n ,  t h e y  d e p e n d  o n  th e i r  c l i e n t ' s  sp e c i a l i s e d  k n o w l e d g e  in t h e  r e s p e c t i v e  f ie ld  o f  p r o f e s s i o n .  
Thus,  t h e  c o l l a b o r a t i o n  w i t h  t h e  c l ien ts  is in te n s ive .  S t i m m t ' s  ro le  in th i s  c o l l a b o r a t i o n  is t o  g ive  g u i d a n c e  t h r o u g h  t h e  p r o c e s s  a n d  
to  b r ing  in t h e i r  m e t h o d o l o g i c a l  skills. Usually,  b e t w e e n  t h r e e  t o  f ive p e r s o n s  jo in  t h e  c o re  g r o u p  f ro m  t h e  c l i e n t ' s  s ide .  O f te n  t h e s e  
c o m p r i s e  t h e  p r o j e c t  m a n a g e r ,  a s  w e l l  a s  a  r e p r e s e n t a t i v e  o f  t h e  IT d e p a r t m e n t  a n d  t h e  m a n a g e m e n t .
A c c o rd in g  t o  Elster, n o  c e l lu la r  p h o n e s  a n d  l a p t o p s  a r e  b e i n g  a l l o w e d  d u r i n g  t h e  w o r k s h o p s ,  a s  t h e s e  w o u l d  o n ly  d i s t r a c t  p e o p l e  
f ro m  t h e  t a s k  a t  h a n d .  Typically, f lip c h a r t s  a n d  p o s t - i t  n o t e s  a r e  b e in g  u s e d  a n d  p h o t o g r a p h e d  in t h e  e n d  a s  o u t c o m e  o f  t h e  m e e ­
t ing s .  O f te n ,  t h e  m e e t i n g s  a r e  b e in g  h e ld  s t a n d i n g  a r o u n d  a  flip c h a r t ,  a s  th i s  p r o v e d  t o  b e  m o r e  d y n a m i c  in t h e  i n t e r a c t i o n  b e t w e e n  
g r o u p  m e m b e r s ,  a s  E ls te r  o b s e r v e d .  S uch  a  w o r k s h o p  u s u a l ly  t a k e s  a r o u n d  f o u r  t o  f ive h o u r s  o f  w o r k .  In t h e s e  m e e t i n g s ,  t h e  p r o t o t y ­
pes,  f o r  e x a m p l e  t h e  in t e r f a c e  m o c k -u p s ,  a r e  b e i n g  p r o d u c e d  o n  a s c r e e n .  The  d i s c u s s io n  o c c u r in g  a r o u n d  t h e m  is m o s t  o f t e n  l im i ted  
t o  f u n c t i o n a l  o r  t e c h n ic a l  d e ta i l s .  This m i g h t  b e  d u e  t o  t h e  ind iv id ua l ,  sp ec i f ic  e x p e r t i s e  o f  t h e  c l i e n t ' s  g r o u p  m e m b e r s .
Example
Dur ing  t h e  in te rv iew ,  o n e  e x a m p l e  w a s  d i s c u s s e d  in m o r e  d e ta i l :  The  l a r g e s t  S w iss  t e l e c o m  p r o v id e r  c o m m i s s i o n e d  S t i m m t  w i th  
t h e  d e s i g n  o f  a  c u s t o m e r  e x p e r i e n c e  o p t i m i s i n g  d i f f e r e n t  key p r o c e s s e s  w h e n  o r d e r i n g  o r  r e q u e s t i n g  s u p p o r t  f o r  t h e  S w is sc o m  TV 
p r o d u c t .  The  a im  o f  t h e  p r o je c t  w a s  t o  p r o v id e  a  p o s i t iv e  overa l l  c u s t o m e r  e x p e r i e n c e  w i t h  t h e  c o m p a n y ' s  s u p p o r t  s e r v ic e s  a s  w e l l  a s  
t o  r e d u c e  t h e  r e l a t e d  o p e r a t i o n a l  cos ts .  T h o s e  g o a l s  w e r e  t o  b e  r e a c h e d  by d e s i g n i n g  t h e  in d iv id ua l  t o u c h p o i n t s  a l o n g  t h e  c u s t o m e r  
jo u rn ey .
The  c o n s u l t a n t s  s t a r t e d  o u t  by i d e n t i f y i n g  t h e  e x is t in g  c u s t o m e r  j o u r n e y  fo r  typ ica l  p r o c e d u r e s .  In a  t w o - d a y  w o r k s h o p ,  t h e y  t h e n  
d e f i n e d  a  f i rs t  d r a f t  o f  t h e  idea l  c u s t o m e r  jo u r n e y  a s  t h e  d e s i r e d  p r o j e c t  o u t c o m e .  In t h e  t h i r d  s t e p ,  ind iv id ua l  p r o t o t y p e s  w e r e  b e in g  
p r o d u c e d .  T h e s e  in c lu d e d ,  f o r  e x a m p le ,  s u c h  d iv e rse  e l e m e n t s  a s  p r o c e s s  m o d e l s ,  c o m m u n i c a t i o n  po l ic ies ,  o r  l e t t e r s  t o  c u s t o m e r s  
t o  b e  s e n t  by t h e  s u p p o r t  se rv ic es  d e p a r t m e n t .  T h e s e  p r o t o t y p e s  w e r e  t h e n  b e i n g  t e s t e d  w i t h  s t u d y  p a r t i c i p a n t s  in r o le p la ys .  In o n e  
ro lep lay ,  t h e  c u s t o m e r s  r e a c t i o n s  t o  a n  i n f o r m a t i o n a l  l e t t e r  r e g a r d i n g  c h a n g e s  in th e i r  vo ic e m a i l  s e t t i n g s  a n d  t h e  e n s u i n g  p r o c e s s  
w a s  b e in g  t e s t e d .  T h ree  d i f f e r e n t  k in ds  o f  l e t t e r s  w e r e  p r e s e n t e d ,  va ry ing  in t h e i r  w o r d i n g  f ro m  c a s u a l  t o  t e c h n i c a l .  T h e n  t h e  p a r t i ­
c i p a n t s  w e r e  t a k e n  t h r o u g h  t h e  o t h e r  t o u c h p o i n t s  a l o n g  t h e  c u s t o m e r  jo u rn e y ,  s u c h  a s  t h e  w e b s i t e ' s  i n f o r m a t i o n  p a g e  a n d  t h e  t e x t  
m e s s a g e  r e c e iv e d  o n  t h e i r  m o b i l e  p h o n e s .  The  r o le p la y s  w e r e  c o n d u c t e d  a l o n g  a  p r e d e f i n e d  sc r ip t .  A t  e a c h  s t e p  o f  t h e  p r o c e s s ,  t h e  
p a r t i c i p a n t s  w e r e  a s k e d  w h e t h e r  t h e y  u n d e r s t o o d  t h e  in s t ru c t i o n s  c o n t a i n e d  in t h e  ind iv idua l  c o m m u n i c a t i o n  m e a n s  a n d  h o w  t h e y  
p e r c e i v e d  t h e m  em o t io n a l ly .  W i th  t h e  d a t a  g a t h e r e d ,  a  w o r k s h o p  w a s  h e ld  t o  o p t i m i s e  t h e  p re v io u s ly  d e f i n e d  c u s t o m e r  jo u rn e y .  
B a s e d  u p o n  t h e  a l t e r e d  jou rn ey ,  a  s t y l e g u i d e  w a s  b e i n g  f o r m u l a t e d .  As t h e  f ina l  s t e p ,  a  p i lo t  s t u d y  w a s  b e in g  c o n d u c t e d .
Discussion
This r e p o r t  t r ies  t o  d e p i c t  t h e  so lu t io n  d e v e l o p m e n t  a p p r o a c h  a t  S t i m m t  a s  it  r e p r e s e n t s  i t se l f  to d a y .  As it  is b a s e d  o n  o n ly  t w o  in­
t e rv iew s ,  it  m a y  on ly  b e  u n d e r s t o o d  a s  a  r o u g h  o u t l i n e  o f  s o m e  e l e m e n t s  o f  th i s  a p p r o a c h .  Thus ,  t h e  l imits  o f  its  i n t e r p r e t a t i o n  h a v e  
t o  b e  e m p h a s i s e d .  H ow ever ,  a  f e w  in s ig h t s  a n d  foca l  p o i n t s  f o r  t h e  f u r t h e r  c o n d u c t i o n  o f  t h e  s t u d y  m a y  b e  id e n t i f i e d .  As  t h e  d a t a  
s h o w s ,  S t im m t  h a s  a  h e a v y  n o t i o n  t o w a r d s  ana ly t i c a l  a n d  l o g i c - b a s e d  skills. F u r th e r m o re ,  p r o t o t y p i n g  a s  o n e  m a i n  ac t iv i ty  o f  d e s i g n -  
d r ive n  s o l u t i o n  d e v e l o p m e n t  is b e in g  e x e c u t e d  by d e f a u l t .  Also, t h e  p u r p o s e f u l  a r r a n g e m e n t  a n d  d e s i g n  o f  t h e  w o r k  e n v i r o n m e n t  
m i g h t  b e  a  p o i n t  w h ic h  c ou ld  be  f u r t h e r  i n v e s t i g a t e d  a n d  o p t i m i s e d  f o r  c r e a t i o n - o r i e n t e d  t a sk s .
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I n t r o d u c t i o n
T h e  T r o m p  R e s e a r c h  G r o u p  a t  P r i n c e t o n  U n i v e r s i t y  is o n e  o f  t h e  m o s t  p u b l i s h e d  r e s e a r c h  g r o u p  in t h e  f i e l d  o f  t h e o r e t i c a l  
a n d  c o m p u t a t i o n a l  s e i s m o l o g y .  W i t h i n  t h i s  f i e l d ,  t h e  g r o u p  d e v e l o p s  f u n d a m e n t a l  t h e o r i e s  a s  w e l l  a s  it w o r k s  o n  a g r e a t  
v a r i e t y  o f  p r o j e c t s  a i m i n g  a t  a s p e c i f i c  p r a c t i c a l  a p p l i c a t i o n .  T h e s e  p r o j e c t s  r a n g e  in t h e i r  o b j e c t i v e s  a s  fa r  a s  f r o m  d e f i n i n g  
f o r m  a n d  b e h a v i o u r  o f  m a g m a  c h a m b e r s  t o  d e t e c t i n g  m i l i ta r y  w a r f a r e  l ike m i n e s  o r  n u c l e a r  w e a p o n s .  T h e  r e s e a r c h  g r o u p s  
f o c u s  is n o t  o n l y  r e s t r i c t e d  t o  e a r t h l y  p h e n o m e n a ,  b u t  c a n  a l s o  i n c l u d e  e x t r a t e r r e s t r i a l  i n v e s t i g a t i o n s ,  s u c h  a s  s o l a r  or  
l u n a r  a c t i v i t i e s .  For t h i s  s t u d y ,  t h e  a u t h o r  a n a l y s e d  t h e  t o o l s  a n d  p r o c e s s  u s e d  in a s p e c i f i c  p r o j e c t  a i m e d  a t  t h e  t h e o r e t i ­
c a l  a n d  c o m p u t a t i o n a l  f o r m u l a t i o n  a n d  t e s t i n g  o f  a t h e o r y  t o  d e f i n e  f o r m ,  l o c a t i o n ,  b e h a v i o u r  a n d  i n f l u e n c e s  o f  v u l c a n i c  
m a g m a  c h a m b e r s .
P r o c e s s
In t h e  f i r s t  s t e p ,  t h e  m a i n  o b j e c t i v e s  o f  t h e  s t u d y  w e r e  b e i n g  d e f i n e d .  T h e n ,  t h e  r e l e v a n t  t h e o r e t i c a l  b a c k g r o u n d  w a s  
g a t h e r e d .  U p o n  t h e  g a i n e d  i n s i g h t s ,  t h e  r e s e a r c h e r s  f o r m u l a t e d  t h e i r  o w n  t h e o r y  a n d  a n  a l g o r i t h m ,  w h i c h  r e p r e s e n t e d  
t h e i r  t h o u g h t s .  This  a l g o r i t h m  is r e g a r d e d  a s  t h e  a c t u a l  p r o t o t y p e  t h e i r  w o r k  w o u l d  e v o l v e  a r o u n d  in t h e  n e x t  s t e p s .  All 
t h e  w o r k  u p  t o  t h i s  p o i n t  w a s  w r i t t e n  d o w n  in a n  a c c e s s i b l e  f i le ,  w h i c h  w a s  t o  b e c o m e  t h e  f i n a l  a r t i c l e  t h e  r e s e a r c h  g r o u p  
i n t e n d e d  t o  w r i t e .  This  f i l e  s e r v e d  a l s o  d u r i n g  t h e  f o l l o w i n g  s t e p s  a s  a s h a r e d  d o c u m e n t  f o r  c o l l a b o r a t i o n .  T h e  a l g o r i t h m  
w a s  t h e n  t r a n s f o r m e d  i n t o  a n  a p p l i c a t i o n ,  p r o g r a m m e d  by t h e  r e s e a r c h e r s  ( in X C o d e ,  Fortran) .  A f i n i t e  e l e m e n t  m o d e l l i n g  
t o o l  ( C u b i t )  w a s  t h e n  u s e d  t o  b u i ld  t h e  f i rs t  t h r e e - d i m e n s i o n a l  m o d e l  o f  t h e  t o p o g r a p h i c  a r e a ,  w h i c h  t h e  r e s e a r c h  f o c u s e d  
u p o n .  This  m o d e l  w a s  t h e n  i m p o r t e d  i n t o  a n o t h e r  a p p l i c a t i o n  ( A b a q u s ) ,  w h i c h  c o m p u t e s  d e f o r m a t i o n s  in f i n i t e  e l e m e n t  
m o d e l s  a n d  w h i c h  e n a b l e s  t o  d e f i n e  t h e  i n d i v i d u a l  b e h a v i o u r s  o f  d i f f e r e n t  m a t e r i a l s  e n c o u n t e r e d  in t h e  g e o l o g i c a l  s e t u p  
o f  t h e  v u l c a n i c  r e g i o n .  T h e  d a t a  w a s  t h e n  b e i n g  c o n v e r g e d  w i t h  t h e  s e l f - p r o g r a m m e d  a p p l i c a t i o n  f r o m  t h e  r e s e a r c h  g r o u p ,  
a n d  d i f f e r e n t  i t e r a t i o n s  o f  t e s t s  a n d  a d j u s t m e n t  o f  t h e  a l g o r i t h m  w a s  b e i n g  p e r f o r m e d ,  in b e t w e e n  t h e  d i f f e r e n t  s t e p s ,  a n  
o u t p u t  a p p l i c a t i o n  w a s  b e i n g  u s e d  ( P a r a v i e w )  t o  v i s u a l i s e  t h e  in d i v i d u a l  r e s u l t s .  T h e  f i n d i n g s  w e r e  t h e n  i m p l e m e n t e d  i n t o  
t h e  w r i t i n g  o f  t h e  a r t i c l e ,  w h i c h  w a s  e v e n t u a l l y  s e n t  t o  t h e  r e l e v a n t  s c i e n t i f i c  j o u r n a l s  f o r  r e v i e w ,  a n d  i n t o  a  p o s t e r  f o r  t h e  
d i s p l a y  a t  c o n f e r e n c e s .
T o o l s  & A r t i f a c t s
A r t i c l e :  D u r in g  t h e i r  r e s e a r c h ,  t h e  M S W o r d - d o c u m e n t  s e r v e d  t h e  g r o u p  a s  a s h a r e d  f i l e  in w h i c h  t h e  w o u l d  w r i t e  in t h e i r  
f i n d i n g s  in t h e  in d i v i d u a l  s t a g e s  o f  t h e  s t u d y .  T h e  r e s e a r c h e r  i n t e r v i e w e d  p r i n t e d  o u t  a h a rd  c o p y  o f  t h e  a r t i c l e  t o  w o r k  
i n d e p e n d e n t  o f  c o m p u t e r  a c c e s s  o n  t h e  i d e a s  r e p r e s e n t e d  in t h e  p a p er .
A l g o r i t h m - b a s e d  A p p l i c a t i o n :  To m a k e  t h e i r  a l g o r i t h m  u s a b l e  f o r  f u r t h e r  t e s t i n g  a n d  d a t a - c o m p u t a t i o n ,  t h e  r e s e a r c h e r s  
p r o g r a m m e d  t h e i r  o w n  a p p l i c a t i o n  u s i n g  X C o d e .
X C o d e :  X C o d e  is t h e  A p p l e  S y s t e m - b a s e d  p r o g r a m m i n g  e d i t o r  u s e d  t o  w r i t e  t h e  r e s e a r c h e r s  a p p l i c a t i o n  f o r  f u r t h e r  c o m p u ­
t a t i o n a l  t e s t s  a n d  i t e r a t i o n s  o f  t h e  a l g o r i t h m .  For t h i s  p r o j e c t ,  t h e  r e s e a r c h e r s  u s e d  t h e  p r o g r a m m i n g  l a n g u a g e  F ortran .
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Cubi t :  C u b i t  is a  f in i te  e l e m e n t  m o d e l l i n g  a p p l i c a t i o n  u s e d  t o  bu i ld  t h r e e - d i m e n s i o n a l  m o d e l s  a n d  t o  im p o r t  t o p o g r a p h i c a l  
d a t a .
A b a q u s :  A b a q u s  is a n  a p p l i c a t i o n  u s e d  f o r  f in i te  e l e m e n t  d e f o r m a t i o n .  It o f f e r s  t h e  ab i l i ty  t o  s i m u l a t e  t h e  ind iv id ua l  b e h a ­
v io u r  o f  d i f f e r e n t  m a t e r i a l s  in a n  t o p o g r a p h i c a l  s i t u a t i o n .
B la c k b o a rd :  The  b l a c k b o a r d  is u s e d  f o r  ind iv id ua l  r e s e a r c h  w o r k  a n d  f o r  c o l l a b o r a t i o n s .  In c o l l a b o r a t i v e  s e t t i n g s ,  it w a s  
m o s t ly  u s e d  t h e  w o r k  o n  t h e o r e t i c a l  i d e a s  t o g e t h e r  w i th  t h e  h e a d  o f  t h e  r e s e a r c h  g r o u p ,  P r o f e s s o r  Tromp.
P os te r :  The  p o s t e r  is u s e d  t o  p r e s e n t  t h e  f ina l  f in d in g  t o  t h e  sc ien t i f ic  c o m m u n i t y  a t  c o n f e r e n c e s .
C o l l a b o r a t i o n
T he  c o l l a b o r a t i o n  w i t h i n  t h e  r e s e a r c h  g r o u p  is b e i n g  o r g a n i s e d  u p o n  t h e  ind iv idua l  s t r e n g t h s  a n d  ab i l i t i e s  o f  t h e  g r o u p  
m e m b e r s .  For t h e  m o s t  p a r t ,  t h e o r e t i c a l  d e v e l o p m e n t  a n d  p r o g r a m m e  d i r e c t io n  is a  t a s k  p e r f o r m e d  by t h e  p ro fe sso r ,  t h e  
r e s e a r c h  a s s o c i a t e s  o r  t h e  p o s t d o c s .  P r o g r a m m i n g ,  t e s t i n g  a n d  i t e r a t i n g  is t h e n  b e i n g  p e r f o r m e d  by r e s e a r c h  a s s o c i a ­
te s ,  p o s t d o c s ,  a n d  g r a d u a t e  s t u d e n t s  in c o n s t a n t  d i a l o g u e  w i t h  t h e  h e a d  o f  t h e  g r o u p .  Normally ,  t h e  g r a d u a t e  s t u d e n t s  
a r e  b e i n g  re la t ive ly  c lose ly  g u i d e d  by t h e  p ro fesso r ,  t h e  r e s e a r c h  a s s o c i a t e s ,  a n d  p o s t d o c s .  The  g r o u p  h a s  r e g u l a r  g r o u p  
m e e t i n g s  a s  wel l  a s  lo ts  o f  in fo rm a l  c h a t s .  W h e n  n o t  c o l l a b o r a t i n g  w i t h  o t h e r  u n ive rs i t ie s ,  t h e  g r o u p  w o r k s  c o l o c a t e d  o n  
t h e  s a m e  floor.
C u l tu re
The  c u l tu re  b e in g  l ived w i t h i n  t h e  r e s e a r c h  g r o u p  is q u i t e  c a s u a l .  The in t e r a c t i o n  w i t h  t h e  h e a d  o f  t h e  g r o u p  is c h a r a t e -  
r iced by t h e  i n t e r v i e w e e  a s  ve ry  in fo rm a l ,  a m i c a b l e  a n d  com rad ly .  T h e re  a r e  n o  fo rm a l  o r  i n fo rm a l  r e s t r i c t i o n s  c o n c e r i n g  
c lo th in g  o r  w o r k  s c h e d u l e  ( a l t o u g h  a  m in im a l  w o r k  t i m e  is fo rm a l ly  d e f i n e d ,  b u t  n o t  e n f o r c e d ,  a s  all t h e  g r o u p  m e m b e r s  
w o r k  l o n g e r  t h a n  r e q u i r e d ) .  The w o r k i n g  e n v i r o n m e n t  t a k e s  p la c e  in a  bu i ld in g  d a t i n g  b a c k  t o  t h e  e a r ly  2 0 t h  cen tu ry ,  b u t  
h a s  b e e n  c o m p l e t e l y  m o d e r n i s e d  in t h e  p a s t  t h r e e  yea rs .  A lo t  o f  c u l tu ra l  a n d  s p o r t i n g  a c t iv i t ie s  a r e  b e i n g  o f f e r e d  by t h e  
univers i ty ,  w h i c h  h a s  e x t e n s i v e  a t h l e t i c s  faci l i t ies .
C o n c lu s io n s
In a  b r o a d  s e n s e ,  t h e  r e s e a r c h  g r o u p s  u s e  o f  p r o t o y p e s  d o e s  s e e m  q u i t e  s im i la r  to  t h e  m o d e  o f  w o r k  o f  d e s i g n e r s .  As  t h e i r  
m a i n  p r o t o t y p e  is a n  a lg o r i t h m  b a s e d  u p o n  a  re la t ive ly  c o m p l e x  s e t  o f  m a t h e m a t i c a l  f o r m u l a ,  t h e y  m a d e  it  m o r e  t a n g i b l e  
(or  t e s t a b l e )  in d i f f e r e n t  fo rm s ,  s u c h  a s  a  s o f t w a r e  o n e  o f  t h e  r e s e a r c h e r s  p r o g r a m m e d  t o  r e p r e s e n t  t h e  a l g o r i t h m s  
f u n c t io n s ,  o r  a  m o d e l  o f  t h e  t o p o g r a p h i c a l  s i t u a t i o n  f o u n d  a t  a  s e l e c t e d  s i te  t o  t e s t  t h e  u n d e r l y i n g  h y p o t h e s e s  in a  rea l  
w o r l d  s e t t i n g ,  w h ic h  m i g h t  a l so  b e  v i e w e d  a s  a k ind o f  s u b - p r o t o t y p e .  The ir  c o l l a b o r a t i o n  is q u i t e  s t r a i g h t  f o r w a r d  a n d  t h e  
ro le s  q u i t e  c lear ly  d e f i n e d  a n d  sp l i t  up ,  a l t h o u g h  t h e y  m i g h t  n o t  b e  f ixed  t o  a  sp ec i f ic  in d iv id ua l .  The  a r t ic le ,  w h i c h  is t o  b e  
p u b l i s h e d  a n d  w h i c h  t h e  r e s e a r c h e r s  w o r k  c o l l a b o ra t iv e ly  o n ,  s e e m s  t o  s e r v e  a s  a s o r t  o f  un i fy ing  a r t i f a c t ,  w h i c h  m a k e s  
t h e  p u r p o s e  a n d  a im  o f  t h e  p r o je c t  c l e a r  a n d  u n d e r s t a n d a b l e  t o  e v e r y o n e  invo lved .
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Picture Analysis
T h e  a l g o r i t h m ,  t h e  p r o t o t y p e :  T h e  m a i n  p r o t o ­
t y p e  w h i c h  w a s  t o  b e  d e v e l o p e d  a n d  r e f i n e d  
d u r i n g  t h e  r e s e a r c h  g r o u p s  w o r k ,  w a s  t h e  
a c t u a l  a l g o r i t h m  r e p r e s e n t i n g  t h e  u n d e r l y i n g  
t h e o r y .
A s  a  w o r k  in p r o g r e s s ,  a  s h a r e d  f i l e  o f  t h e  
a r t i c l e  t o  b e  w r i t t e n ,  w a s  u s e d  by  t h e  g r o u p  
t o  c o l l a b o r a t e  o n  t h e  d i f f e r e n t  t o p i c s ,  s u c h  
a s  s c i e n t i f i c  b a c k g r o u n d ,  t h e o r y / h y p o t h e s e s ,  
t e s t i n g ,  a n d  c o n c l u s i o n s .
_elew»C43,v«l
»te*rodes
T h e  p r o g r a m m  c o d e :  For f u r t h e r  t e s t i n g  a n d  
c o m p u t i n g  o f  t h e  a l g o r i t h m ,  t h e  r e s e a r c h e r s  
p r o g r a m m e d  t h e i r  o w n  a p p l i c a t i o n  r e p r e s e n ­
t i n g  t h e  a l g o r i t h m s  o p e r a t i o n s .
T h e  m o d e l :  A m o d e l  o f  a s p e c i f i c  g e o g r a p h i ­
c a l  s i t u a t i o n  is b e i n g  r e p r e s e n t e d  in a f i n i t e  
e l e m e n t  m o d e l  u s i n g  C u b i t ,  a m o d e l l i n g  
s o f t w a r e .
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Th e  d e f o r m a t i o n :  T h e  s o f t w a r e  A b a q u s  is 
u s e d  t o  s i m u l a t e  t h e  b e h a v i o u r  a n d  d e f o r ­
m a t i o n  o f  d i f f e r e n t  m a t e r i a l s  o f  t h e  e a r t h s  
s u r f a c e .
T h e  v i s u a l i z a t i o n :  U s i n g  p a r a v i e w ,  t h e  a l g o ­
r i t h m s  r e s u l t s  m a y  b e  v i s u a l l y  r e p r e s e n t e d  in 
t h e  t o p o g r a p h i c a l  m o d e l .
C o m p a r e d  t o  t h e  t e x t - b a s e d  r e p r e s e n t a t i o n  
o f  t h e  c o m p u t e d  r e s u l t s ,  t h e  v i s u a l  f o r m  is 
m u c h  f a s t e r  a n d  e a s i e r  t o  u n d e r s t a n d .
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T h e  b l a c k b o a r d :  D u r in g  t h e  w h o l e  p r o c e s s ,  
in f o r m a l  m e e t i n g s  in t h e  o f f i c e s  o c c u r  
s p o n t a n e o u s l y .  T h e  b l a c k b o a r d  t h e n  o f f e r s  a  
u n o b t r o u s i v e  p o s s i b i l i t y  t o  w o r k  o n  a s p e c i f i c  
m a t h e m a t i c a l  p r o b l e m  t o g e t h e r  ( m o s t l y  
b e t w e e n  t h e  h e a d  o f  t h e  r e s e a r c h  g r o u p  a n d  
a r e s e a r c h  a s s o c i a t e  or  p o s t d o c ) .
ortingeRotatmg T h e  a n i m a t i o n :  For c e r t a i n  a p p l i c a t i o n s ,  
a n i m a t e d  v i s u a l i z a t i o n s  a r e  b e i n g  p r o d u c e d .  
In t h i s  i n s t a n t ,  t h e  m a i n  u s e  is t o  g i v e  u p - t o -  
d a t e  i n f o r m a t i o n s  o f  e a r t h q u k e s  t a k i n g  p l a c e  
a r o u n d  t h e  w o r l d .  (T he  p i c t u r e  s h o w n  le f t  
s t e m s  f r o m  a n o t h e r  p r o j e c t  o f  t h e  g r o u p )
P R I N C E T O N
U N I V E R S I T Y
0 12 31
T h e  p o s t e r :  M a i n l y  f o r  s c i e n t i f i c  c o n f e r e n c e s ,  
p o s t e r s  o f  t h e  p e r f o r m e d  s t u d y  a r e  b e i n g  
m a d e  t o  c o m m u n i c a t i e  t h e  a c c o m p l i s h e d  
w o r k  t o  t h e  r e l e v a n t  s c i e n t i f i c  c o m m u n i t y .
Apple ( AWnpUttT
C u ltu ra l  h in t s :  T h r o u g h o u t  t h e  d e p a r t m e n t s  
r o o m s ,  s m a l l  s i g n s  o f  p r e s e n t  a n d  p a s t  
c o l l a b o r a t i o n s  a r e  i n f o r m a l l y  b e i n g  d i s p l a y e d  
( h e r e  a s  a s t i c k e r  o n  a  d o o r ) ,  o r  a s  p o i n t e r s  
t o  a s p e c i f i c  m i n d s e t  a b o u t  w h a t  c o m p u t e r s  
t o  u s e .
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Work Model
Tasks performed Tools used
Overviewing scientific back­
ground
Formulating theory/hypotheses
Defining algorithm
Libraries / Online re­
sources
Word Processor
Article
Building topographical model
Simulating deformations
Testing algorithm
Visualising results
Drawing final conclusions
Presenting findings
Cubit
Abaqus
Self-programmed 
software / XCode 
(Fortran)
Para View
Word Processor
Adobe Illustrator 
Word Processor
Poster
Collaboration
formal & 
informal 
meetings
Blackboard
Discussions
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Appendix J -  interview analysis Hans 
Schreiber, Forster-Rohner AG
349 A n  I n t e g r a t e d  A n a l y s i s  o f  C o l l a b o r a t i v e  D e s i g n  P r o c e s s e s
Expert Interview
Hans Schreiber
P re l im ina ry  n o t e s
The  i n te r v ie w  w a s  c o n d u c t e d  in e a r ly  April 2 0 1 0 .  It w a s  s e t  u p  a s  a  s e m i - s t r u c t u r e d  in te rv iew .  As  a  p r e p a r a t i o n ,  t h e  m a i n  
to p i c s  o f  i n t e r e s t  w e r e  d e f in e d :  i n s p i r a t io n ,  p r o c e s s ,  t r e n d s ,  cu l tu re ,  p r o t o t y p i n g ,  a n d  c o l l a b o ra t i o n .  For e a c h  t o p i c  d i f f e r e n t  
q u e s t i o n s  w e r e  f o r m u l a t e d  in a  f o l lo w in g  s t e p .  The in te r v ie w  w a s  t h e n  a u d i o  r e c o r d e d  a n d  t r a n s c r i b e d  fo r  f u r t h e r  ana ly s i s .  
In a  f i rs t  s t e p ,  t h e  i n t e r v i e w e e s  s t a t e m e n t s  h a v e  b e e n  g r o u p e d  t o g e t h e r  in t h e  p r e d e f i n e d  c a t e g o r i e s  a n d  w r i t t e n  o u t  
f o r  b e t t e r  readab i l i ty .  This la s t  s t e p  w a s  b e i n g  d o n e  a c c o r d i n g  t o  t h e  p r o p o s e d  f i rs t  p h a s e  o f  a n a ly s i s  by t h e  g r o u n d e d  
t h e o r y  a p p r o a c h  o f  , o p e n  c o d i n g '  -  b u t  w i t h  t h e  d e s t i n c t i o n  o f  t h e  u s e  o f  p r e d e f i n e d  c a t e g o r i e s  b a s e d  u p o n  t h e  l i t e r a t u r e  
r e s e a r c h  p e r f o r m e d  so  far.
B a c k g r o u n d  i n f o r m a t i o n
H a n s  S c h r e ib e r  is h e a d  o f  c r e a t i o n  a t  F o rs te r  R o h n e r A G ,  a  sw is s  SME. F o r s te r  R o h n e r  AG w a s  e s t a b l i s h e d  o v e r  1 0 0  y e a r s  
a g o  a n d  is t o d a y  b e i n g  c o n s i d e r e d  a s  a  i n n o v a t i o n  l e a d e r  in t h e  e m b r o i d e r y  indus t ry .  H a ns  S c h r e ib e r  h a s  b e e n  w o r k i n g  a t  
F o rs te r  R o h n e r A G  f o r  t h e  l a s t  t e n  yea rs ,  b e i n g  p r o m o t e d  t o  c re a t i v e  d i r e c t o r  in 2 0 0 8 .
Analysis
In sp i ra t io n
In o r d e r  t o  f ind  in s p i r a t io n ,  S c h r e ib e r  s t a t e s ,  t h a t  t h e  o u t s e t  o f  e ve ry  p r o c e s s  h a s  t o  ve ry  o p e n .  T he  n a r r o w e r  t h e  b r ie f  is 
f o r m u l a t e d  in t h e  d e s i r e d  g o a l ,  t h e  le ss  c r e a t iv e  h e  p e r c e iv e s  his p ro c e s s .  He f in d s  it m u c h  less  in sp i r ing  if t h e  c u s t o m e r s  
k n o w s  exa c t ly  w h a t  t h e y  w a n t .  The  c o m p a n y  S c h r e ib e r  w o r k s  f o r  F o r s t e r -R o h n e r  AG, o w n s  a  l a rg e  a rc h iv e  o f  d e s i g n s  a n d  
p r o d u c t i o n  t e c h n i q u e s  w i th  o v e r  4 0 0 ' 0 0 0  i tem s.  This a r c h iv e  s e r v e s  a s  o n e  m a j o r  in s p i r a t io n  in his w o r k ,  w h e r e  h e  m a y  
d r a w  u p o n  t h e  d e s i g n  w o r k  a n d  p r o d u c t i o n  h is to ry  d a t i n g  b a c k  a s  f a r  a s  1 2 5  ye a rs .  S c h r e ib e r  a l s o  c o l le c ts  a l s o  a  lo t  o f  
in s p r i a t io n  f ro m  his i n t e n s e  t r av e l  act iv i ty  a n d  t h e  e x c h a n g e  o f  t h o u g h t s  w i t h  c u s t o m e r s .  In his  i m m e d i a t e  w o r k  e n v i r o n ­
m e n t ,  h e  is f re e  t o  d e s i g n  his  w o r k p l a c e  a n d  s u r r o u n d  h im se l f  w i th  in sp i r ing  m a t e r i a l  a n d  o b j e c t s  a s  h e  likes.
P ro c es s
The  p r o c e s s  S c h r e ib e r  u s e s  t o  a c h i e v e  t h e  p r o je c t  g o a l s  is on ly  s t r u c t u r e d  in a  ve ry  lo o s e  s e n s e .  S t a r t i n g  w i t h  t h e  c l i e n t s  
r e q u i r e m e n t s ,  h e  lo o ks  f i rs t  f o r  in s p i r a t io n .  He t h e n  s t a r t s  t h e  i d e a t i o n  p r o c e s s  w i t h  a n  ear ly  t r ial  a n d  e r r o r  p h a s e  in w h i c h  
h e  e x p lo re s  a n d  t e s t e s  m a n y  d i f f e r e n t  p o s s ib le  d i r e c t io n s .  The r e s u l t s  o f  t h e  w o r k  b e i n g  d u r in g  th i s  s t e p  in s p i r e s  h im  f o r  
f u r t h e r  t e s t s  a n d  ideas .  Also, d u r in g  th is  p h a s e  o f  t h e  p r o c e s s ,  he  m a y  vis i t  t h e  a r c h iv e  o r  t h e  p r o d u c t i o n  f ac i l i t i e s  c o l o c a ­
t e d  a t  t h e  h e a d q u a r t e r s  t o  g a in  d e e p e r  ins igh ts ,  r ef ine  e x is t in g  i d e a s  o r  in sp i r e  n e w  ide a s .  He  e m p h a s i s e s  t h e  i m p o r t a n c e  
o f  th i s  c o lo c a t i o n  o f  m a n a g e m e n t ,  m a r k e t i n g ,  c r e a t i o n  a n d  p r o d u c t i o n .  The  c lo se  c o n t a c t  t o  t h e  c r a f t s - o r i e n t e d  p r o d u c t i o n  
c u l tu re  h e lp s  his  c r e a t i o n  t e a m  n o t  on ly  t o  in sp i re  its o w n  w o r k ,  b u t  a l s o  a v o id  a  ,L 'a r t  p o u r  I ' a r t ' - a t t i t u d e .
S c h r e ib e r  a l so  s e e k s  t h e  c lo se  c o l l a b o r a t i o n  w i t h  his c u s t o m e r s .  This c o l l a b o r a t i o n  m a y  in c lu d e  in a  p re l im in a r y  p h a s e  
e x te n s i v e  ta lk s ,  v is i ts  o f  t h e  f a s h i o n  d e s i g n e r s  s h o p s  o r  e v e n  s h a r e d  a c t iv i t ie s  f o r  in s p i r a t io n a l  p u r p o s e s  s u c h  a s  t h e  v is i t  o f  
a n  exh ib i t io n  o r  m u s e u m .  Dur ing  t h e  d e v e l o p m e n t  p h a s e ,  S c h r e ib e r  is m a i n t a i n i n g  c lo se  c o n t a c t  w i t h  t h e  c u s t o m e r  a n d  his 
c r e a t i o n  t e a m ,  s e n d i n g  b a c k  a n d  f o r th  s k e t c h e s  s e v e ra l  t i m e s  a  w e e k .
W h i le  s t e p p i n g  t h r o u g h  t h e  ind iv idua l  s t e p s  o f  t h e  p ro c e s s ,  S c h r e ib e r  heav i ly  re l ie s  o n  his e x p e r t i s e  a n d  v a s t  a r e n a l  o f  
d i f f e r e n t  m e t h o d s  g a i n e d  in his y e a r s  in t h e  f ield  o f  te x t i l e  c r e a t i o n .  To a v o id  c o n c e p t u a l  r e p e t i t i o n ,  h e  r e f l e c t s  t h e  p r o c e s s  
a n d  c o n sc io u s ly  s e e k s  n e w  c h a l l e n g e s  a n d  r e th in k s  ind iv id ua l  s t e p s  o f  t h e  p r o c e s s ,  g iv ing u p  e x i s t in g  s e c u r i ty  by t h e  
a p p l i e d  w o r k  r o u t i n e  in so lv ing  p r o b le m s .  This is s o m e t i m e s  a c h i e v e d  by e x p lo r i n g  e x t r e m e  i d e a s  t o  in sp i r e  his  w o r k .
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Trends
W a t c h i n g  t h e  t r e n d s  e m e r g i n g  in his  f ie ld  o f  p r o f e s s i o n  is v i e w e d  a s  a  n e c e s s i t y  by Schreiber .  But  he  a d d s  t h a t  fo l lo w in g  
on ly  t h e  t r e n d s  in t h e  f a s h i o n  in d u s t r y  w o u l d  p r o v e  c o u n t e r p r o d u c t i v e  f o r  F o r s t e r -R o h n e r  AG, a s  th e i r  d e s i g n s  n e e d s  t o  
b e  r e a d y  w e l l  b e f o r e  t h e  f a s h i o n  d e s i g n e r s  b e g i n  t h e i r  w o r k ,  So, in a  s e n s e  he  n e e d s  t o  a n t i c i p a t e  e m e r g i n g  t r e n d s  on  
a n  a v e r a g e  o f  t w o  y e a r s  a h e a d  o f  t h e  f a s h i o n  d e s i g n e r s .  T he re fo re ,  h e  o b s e r v e s  m a n y  d i f f e r e n t  soc ia l  d im e n s i o n s  su c h  
a s  poli t ics,  s c i e n c e  o r  c u l tu re .  He t h e n  t r ies  t o  a g g r e g a t e  t h o s e  o b s e r v a t i o n s  t o  s o m e  s o r t  o f  in t r ins ic  k n o w l e d g e  a b o u t  
w h a t  i n f lu e n c e s  a r e  b e c o m i n g  i m p o r t a n t  in his  l ine  o f  b u s i n e s s  t h e  n e x t  ye a rs .  T h e se  t r e n d  f o r e c a s t  is t h e n  b e i n g  r e f l e c te d  
a g a i n s t  F o r s t e r -R o h n e r s  b r a n d  v a l u e s  a n d  c o r p o r a t e  h is to ry  to  e v a l u a t e  t h e  s t r a t e g i c  fo c a l  po in ts .
C u l tu re
F o r s t e r -R o h n e r ' s  c o r p o r a t e  c u l t u re  l e a v e s  a lo t  o f  a u t o n o m y  f o r  c r e a t i o n a l  f r e e d o m .  S c h r e ib e r  is a l l o w e d  t o  d e s i g n  his  a n d  
his  t e a m s  w o r k  e n v i r o n m e n t  a c c o r d i n g  t o  his o w n  n e e d s ,  s u r r o u n d i n g  t h e m s e l v e s  w i t h  a  lo t  o f  in s p i r a t io n a l  m a t e r i a l s  a n d  
o b je c t s .  The  c o m p a n y  is p r o u d  o f  its r e p u t a t i o n  a s  w e l l  a s  its s u c c e s s f u l  h is tory,  w h i c h  in t u r n  re f lec ts  in its b r a n d  va lu es .  
T h e se  v a l u e s  a r e  tac i t ly  b e in g  e m b o d i e d  in t h e  c o m p a n y ' s  p r o d u c e .  N e w  i n n o v a t i o n s  c o r r e l a t e  t o  t h e  c o r p o r a t e  c u l tu re  a t  
F o r s t e r -R o h n e r  AG a s  a  p a r t  o f  t h e  b r a n d  s t r a t e g y .  N e w  d e s i g n s  a n d  i n n o v a t i o n s  a r e  b e in g  t e s t e d  a g a i n s t  t h e  c o m p a n i e s  
h is to r ica l ly  d e v e l o p e d  va lu e s .  C o r p o r a t e  h is to ry  in f lu e n c e s  w h a t  is b e i n g  d e v e l o p e d  a n d  d e s i g n e d .  S c h re ib e r  a l so  p o i n t s  
o u t  t h a t  t h e  c o r p o r a t e  c u l t u re  is r o o t e d  in its c r a f t m a n s h i p  a n d  c a r r i e d  by a n  in n o v a t iv e  a t t i t u d e ,  o p e n - m i n d e d n e s s  a n d  
c o n n e c t e d n e s s  in a  g lo b a l  n e t w o r k  by t h e  c o m p a n y ' s  o w n e r  family.  He f in d s  it  i m p o r t a n t  fo r  his  w o rk ,  t h a t  t h e  c o m p a n y ' s  
v a l u e s  c o r r e l a t e  t o  his  o w n  va lu es .
P r o b le m d e f in i t io n
S c h r e ib e r  p r e fe r s  a  very  o p e n  d e f in i t io n  o f  t h e  b r ie f  o r  t h e  p r o b le m .  He f in d s  t h e  r e s u l t s  m u c h  less  c re a t ive ,  w h e n  s t a r t i n g  
f ro m  a ve ry  sp ec i f ic  c l i e n t ' s  brief.
P ro to ty p in g
P r o to ty p in g  s t a r t s  a t  a n  ve ry  e a r ly  s t a g e .  R igh t  a f t e r  t h e  initial i n s p i r a t io n a l  p h a s e ,  S c h r e ib e r  s t a r t s  t o  e x p l o re  d i f f e r e n t  
p o s s ib le  w ays .  T h e se  m a y  b e  e x p l o re s  by d r a w i n g  i d e a s  o n  p a p e r  o r  by e x p e r i m e n t i n g  w i th  in sp i r ing  f ab r ics .  The  d e v e l o p ­
m e n t  is b e in g  d o n e  in a  ve ry  h a n d s - o n  way,  o f t e n  c h a r a c t e r i s e d  by a  c lo se  c o l l a b o r a t i o n  w i th  t h e  p r o d u c t i o n  d e p a r t m e n t .
C o l l a b o r a t i o n
C o l l a b o r a t i o n  is t a k i n g  p la c e  m a in ly  in t h r e e  d i f f e r e n t  d i m e n s i o n s :  w i t h i n  t h e  t e a m ,  w i th in  t h e  c o m p a n y ,  a n d  w i th  t h e  c u s ­
tom e r .  The c o r e  t e a m  is r e p r e s e n t e d  by S c h r e ib e r ' s  c r e a t i o n  d e p a r t m e n t .  The  s k e t c h e s  a n d  m o o d b o a r d s  e tc .  a r e  b e in g  d o n e  
th e r e .  W ith in  t h e  c o m p a n y ,  S c h r e ib e r  a n d  his t e a m  w o r k  t o g e t h e r  w i t h  t h e  d i f f e r e n t  d e p a r t m e n t s ,  m o s t y  p r o m i n e n t l y  w i th  
t h e  p r o d u c t i o n  d e p a r t m e n t .  As t h e  th i rd  par ty,  S c h r e ib e r  c lose ly  w o r k s  t o g e t h e r  w i th  t h e  c o m p a n y ' s  c u s t o m e rs ,  t h e  f a s h i o n  
d e s i g n e r s .  N o f o r m a l  c o l l a b o r a t i o n  is b e in g  f o l l o w e d  w i th  t h e  e n d  c u s t o m e r s  o f  t h e  f a s h i o n  d e s i g n e r s .
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